A macroeconometric model for Algeria. A medium term macroeconometric model for Algeria 1963-1984, a policy simulation approach to Algerian development problems. by Laabas, Belkacem
 University of Bradford eThesis 
This thesis is hosted in Bradford Scholars – The University of Bradford Open Access 
repository. Visit the repository for full metadata or to contact the repository team 
  
© University of Bradford. This work is licenced for reuse under a Creative Commons 
Licence. 
 
A MACROECONOMETRIC MODEL FOR ALGERIA 
A medium term macroeconometric model for 
Algeria 1963-1984. a policy simulation 
approach to Algerian development problems. 
Belkacem LAABAS 
Submitted for the degree 
of Doctor of Philosophy 
University of Bradford 
Department of Social and Economic Studies 
1989 
ABSTRACT M-1V - 
SCC 
- 
4- 
OA: 6S 
A Mdcroeconometric Model for Algeria 
B. Laabas 
Keywords: Algeria, Macroeconometric models, Simulation models, 
Macroeconomic policy 
This thesis is concerned with the development and use of a 
macro econometric model for the Algerian economy between 1963 and 
1984. The model was built because of a systematic lack of applied 
econometric studies pertaining to Algeria at both the macroeconomic 
and microeconomic level. It is hoped that the model will fill a gap 
in this area and will contribute to the much neglected field of 
applied econometric research with regard to Algeria. 
This lack of applied econometric studies for Algeria meant that 
the modelling exercise described here has had to rely on an extensive 
specification search based on evidence relating to Algeria's 
economic structure and policy, economic theory, and the experience of 
Less Developed Countries in the area of macroeconomic model-building. 
The lack of data was a major constraint in this area and part of this 
study consisted of collecting and compiling a large database. 
After the country's independence in 1962, Algerian macroeconomic 
policy aimed to create a strong industrial system and to satisfy the 
population's basic needs. It relied on heavy industrialisation to 
modernise the economy, oil revenues to finance development, and 
central planning as the major tool of macroeconomic regulation. The 
accumulation rate was high and the growth record was generally good. 
However high unemployment and inflation, considerable disequilibrium, 
low productivity, a vulnerable balance of payments and unsustainable 
external debt are the major macroeconomic problems that policy-makers 
have had to face. 
The model's equations were first estimated using the OLS method 
and were subjected to stringent statistical tests. The degree of test 
significance and parameter correspondence to a pr1orl views on the 
economy was good. When the model was constructed, it was estimated 
using a 2SLS principal component method. The OLS results were 
found 
to be reasonably feasible. 
The equations were collected into a system of 63 equations and 
solved using dynamic simulation technique. The model was solved 
successfully and its tracking of historical data was reasonably good. 
Further tests were carried out to study its dynamic-featureso 
Having constructed the model, it was then used extensively to 
perform simulation analysis. The experiments ranged from those 
concerning the goverment's current expenditure to its monetary 
policy. In all, nine simulation exercises were carried out. These 
were revealing on the workings of the Algerian economy. 
The model was further used in scenario analysis. First the model 
was used to develop an ex ante forecast employing a linear trend 
model for the exogenous variables. The forecast database was used to 
generate multipliers. The policy analysis was constructed to coincide 
with the implementation of the Second Five Year Plan (1985-1989). The 
feasibility of the plan was examined by varying the price of oil 
according to three hypotheses. The aim of this test was to develop a 
realistic framework for applied macroeconomic analysis. 
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ABSTRACT 
A Microeconometric Model for Algeria 
B. Laabas 
Kevwords: Algeria, Macroeconometric models, Simulation models, 
Macroeconomic policy 
This thesis is concerned with the development and use of a 
macroeconometric, model for the Algerian economy between 1963 and 
1984. The model was built because of a systematic lack of applied 
econometric studies pertaining to Algeria at both the macroeconomic 
and microeconomic level. It is hoped that the model will fill a gap in this area and will contribute to the much neglected field of 
applied econometric research with regard to Algeria. 
This lack of applied econometric studies for Algeria meant that 
the modelling exercise described here has had to rely on an extensive 
specification search based on evidence relating to Algeria's 
economic structure and policy, economic theory, and the experience of 
Less Developed Countries in the area of macroeconomic model-building. 
The lack of data was a major constraint in this area and part of this 
study consisted of collecting and compiling a large database. 
After the country's independence in 1962, Algerian macroeconomic 
policy aimed to create a strong industrial system and to satisfy the 
population's basic needs. It relied on heavy industrialisation to 
modernise 
, 
the economy, oil revenues to finance development, and 
central planning as the major tool of macroeconomic regulation. The 
accumulation rate was high and the growth record was generally good. 
However high unemployment and inflation, considerable disequilibrium, 
low productivity, a vulnerable balance of payments and unsustainable 
external debt are the major macroeconomic problems that policy-makers 
have had to face. 
The model's equatio 
, 
ns were first estimated using the OLS method 
and were subjected to stringent statistical tests. The degree of test 
significance and parameter correspondence to a prIo. -I views on the 
economy was good. When the model was constructed, it was estimated 
using a 2SLS principal component method. The OLS,,, results were found 
to be reasonably feasible. 
The equations were collected into a system of 63 equations and 
solved using 
, 
dynamic 
. 
simulation technique. The model was solved 
successfully and its tracking of historical data was reasonably good. 
Further tests were carried out to study its dynamic features. 
Having constructed the model, it was then used extensively to 
perform simulation analysis. The experiments ranged from those 
concerning the government's current expenditure to its monetary 
policy. In all, nine simulation exercises were carried out. These 
were revealing on the workings of the Algerian economy. 
The model was further used in scenario analysis. First the model 
was used to develop an ex ante -forecast employing a linear trend 
model for the exogenous variables. The forecast database was used to 
generate multipliers, The policy analysis was constructed to coincide 
with the implementation of the Second Five Year Plan (1985-1989). The 
feasibility of the plan was examined by varying the price of oil 
according to three hypotheses. The aim of this test was to develop a 
realistic framework for applied macroeconomic analysis. 
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Chapter One 
Introduction and Outline 
rl. ll Introduction 
During the last two decades Algeria has experienced a period of 
rapid growth and development, based. on a strategy of heavy 
industrialisation and a desire to satisfy the nation's basic needs. 
During this period, the country has relied on oil revenue as the 
main source of finance, and central planning as the main tool of 
macroeconomic regulation. This strategy is characterised by its 
unchanging substance; although government priorities have shifted 
from time ' to time' according to the severity of the country's 
economic problems, 'the same basic strategy has been maintained 
between 1967 and 1984. 
This strategy has been successful in solving certain development 
problems, although it has also created others, some of an economic 
nature. Such'a situation inevitably offers much scope for applied 
research ' in "macroeconomics and development strategies(l). 
Unfortunately econometric research aimed at a greater understanding 
of the Algerian economy was I neglected. The same could also be said 
for development planning models. 
This thesis, therefore, aims to fill a gap and to contribute new 
research findings ou'applied econometrics in Algeria. This type of 
study is''needed 'because many questions about Algeria's macroeconomy 
can only be ýccurately addressed and the impact of certain issues 
evaluated' if a quantitative model is available. For example the 
planners apprehension of the impact of different oil prices on the 
economy in general-is very important for the Algerian economy, given 
the volatility of the price of oil and Algeria's high level of 
2 
dependence on oil. As a more general objective, this thesis aims to 
develop a macro econometric model that will serve as a framework for 
the identification of policy channels and as a tool for 
macroeconomic policy and medium term planning in Algeria. 
Besides the relevance of the macroeconometric model for simulating 
policies, the single equations within the model are themselves of 
considerable importance. These equations provide determinants, based 
on economic theories, of major economic variables such as personal 
consumption. They also provide quantitative estimates of many 
parameters-that are of interest in policy making and contribute to an 
understanding of the structural aspects of the economy, such as 
import elasticities. In this respect the model that has been 
developed is rich in information regarding the Algerian economic 
system; every equation developed for each sectoral activity could 
serve as a basis for further econometric analysis, thereby providing 
a useful starting point for future research. 
The thesis provides a fully integrated econometric database, 
covering the period 1963 to 1984, that could be used in further 
applied econometric analysis of the Algerian situation. It is hoped 
that this 'consistent' database will encourage such analysis 
because a major constraint on the development of quantitative studies 
in Algeria in the past has been lack of data. 
Given all these 6onsiderations, the main objective of this thesis 
was to develop a structural macroeconometric model for the Algerian 
economy, to be used for medium-term analysis. The model has been 
designed as a tool to facilitate'an understanding of the structure of 
the country's economy, aided by the information provided by the 
parameters of the model, which are interpreted as marginal 
propensities, elasticities, and dynamic adjustment coefficients. The 
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model therefore, should help to clarify questions related to applied 
macroeconomic analysis, such as growth, unemployment, inflation, and 
balance of trade. This information is further complemented by the 
simulation approach used to investigate major economic policy 
concerns in Algeria. 
A further aim of the thesis, though modest, is to shed some light 
on and to contribute towards the usefulness of macroeconometric 
models in explaining the economic problems of Less Developed 
Countries (LDCs). Historically, applied macroeconomic analysis in 
LDCs has been neglected, and the major efforts in this area have 
consisted mainly of adjusting IS/LX type macroeconomic models to fit 
the stylised facts of LDCs. However, if careful attention is given to 
design and specification, sophisticated models can be constructed for 
LDCs. It is hoped that the model developed here will be useful for 
countries that are primarily oil exporting nations and which pursue 
a policy of central planning in allocating resources. 
rl. 21 Outline 
Chapter Two of this thesis is a non-technical survey of the 
literature on macroeconomic model building for different economic 
systems. Section One begins with a brief definition of macroeconomic 
models. The scope and objectives of such models are then discussed 
and problems, associated with estimating large scale macroeconometric 
models outlined. The section concludes with a discussion of the 
problems and controversies surrounding these models. Section Two 
reviews the origins of macroeconometric models for Market Developed 
Countries (MDCs), in terms of structure, design and underlying 
economic theory. Models concerning Centrally Planned Economies (CPEs) 
are surveyed in Section Three, emphasising the differences between 
them and the models of MDCs. Models designed for LDCs are reviewed in 
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Section Four within a framework which consists of adjusting MDCs 
models to fit LDCs economic systems. In Section Five an outline of 
how a model of the Algerian economy should be constructed so as to 
accommodate special features and peculiarities is suggested. 
Chapter Three opens with a section that briefly details Algeria's 
economic history and'outlines the background necessary for the reader 
to grasp the degree of underdevelopment the country has experienced 
in the past. Section Two of this chapter details the structural 
aspects of the Algerian economy, and past macroeconomic policy is 
described in order to shed some light on the workings of the 
country's economic system and especially the instruments, channels 
and methods of macroeconomic regulation and management. The chapter 
concludes with a general assessement of macroeconomic performance and 
the identification of the extent of Algeria's development problems. 
Chapter Four analyses the specificatýon procedures employed in 
formulating the -equations of the models, and discusses their 
theoretical basis as well as their relevance to the Algerian economy. 
The modelling strategy is outlined in Section Two, and the model's 
sectoral specifications are given in ten brief sections. 
Chapter Five details the estimated equations of the model outlined 
in Chapter Four. Data problems and the various compilations 
undertaken to construct *the database are described in Section Two. 
The estimation results of the final equations are presented in ten 
sections, after which an overall view of the results and of the model 
is outlined. The last section of this chapter analyses the results of 
the two stage least squares estimation. 
Chapter Six outlines the validation and evaluation procedures 
used to study the reliability and tracking performance of the model 
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using simulation techniques. In this regard, the model was subjected 
to various tests designed to establish its credibility as a tool for 
analysing the Algerian economy. 
In Chapter Seven the model is used to derive dynamic multipliers 
with which to assess the dynamic properties of the model, as part of 
the general evaluation procedure, and to ascertain if the model 
accords with economic theory and empirical evidence on the Algerian 
economy. The computed dynamic multipliers also help to evaluate the 
implications of a wide range of different policy options. Nine sets 
of policy assumptions were studied to establish an understanding of 
the Algerian economic system. 
Chapter Eight focuses on the possible use of the model in policy 
and counterfactual analysis. The policy package was chosen so as to 
coincide with the content of the Second Five Year Plan (1985-1989) 
and was selected mainly to provide a reql policy' environment. In 
Section Two the Plan is outlined and quantified in the manner in 
, which it is simulated in the model over the period 1985-2000. Section 
Three deals with developing ex ante forecast of the Algerian economy. 
In Section Four the Plan's policy contents are simulated on the 
forecast path, and the Plan is then evaluated and assessed using 
scenario analysis. 
Each chapter starts with a brief introduction that outlines its 
content and ends with a short conclusion that sunnarises the 
chapter's findings. A general conclusion which brings together the 
results of this thesis,. and outlines suggestions for further research 
is given in Chapter Nine. Five appendices are attached, which 
supplement information 'that could not suitably be included in the 
main body of the thesis. 
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Chapter Two 
Macroeconometric Models. A Survey 
J2.11 Intr2duction I 
This chapter is a: brief survey of the literature on macroeconomic 
model building for different economic systems which provides a 
background for this thesis which is primarily concerned with the 
building of a structural macroeconomic model for Algeria between 1963 
and 1984. We begin with a brief definition of macroeconomic models 
and discuss the scope and objectives of such models. We also outline 
the problems associated with estimating large structural models. 
This section is concluded with a discussion of the problems and 
controversies surrounding these models. 
We review the origins of macroeconometric modelling for 
Market Developed Countries (MDCs) after the second world war, in 
terms of structure, design and underlying economic theory. The 
building of models for other economic systems different from those 
of HDCs started during the-1960's because of the promise of a better 
understanding of the working of such economies, and the apparent 
ease of formulating tangible. economic policies. Models of the 
Centrally Planned Economies (CPEs) of Eastern ý Europe are surveyed 
emphasising their differences from those of MDCs. 
Models designed for Less Developed Countries (LDC9) are 
reviewed, in a framework which consists of adjusting MDCsI 
macroeconomic models to fit LDC economic systems. Much of the 
analysis will be given over to contrasting the feature of LDCs with 
the way in which they have been incoporated into LDCs macroeconomic 
models. The review is based upon sixty(l)-LDC models developed 
during the last two decades. 
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No serious econometric studies are extant for the Algerian 
economy examining either macroeconomic or microeconomic 
relationships(2). Thus the development of a large scale 
macro e conometri c model for the Algerian economy has proved to be 
difficult because of the lack of consistent data and empirical 
evidence about the economy. However, in this final section of the 
chapter an outline of how a model of the Algerian economy 
might be constructed so as to accommodate special features and 
peculiarities, is suggested. It is based on the fact that 
Algeria is less developed, centrally planned and oil exporting. Such 
a model, can only be developed by taking into account such features as 
these, together with the structural and institutional 
parameters and by making extensive use of the available 
information on 
, macroeconomic modelling as surveyed 
in this 
chapter. 
J2.21 Macroeconometric models 
A macroeconometric model is a mathematical representation of the 
relationships between major macroeconomic variables(3). It is a 
vehicle for formalising the existing state of knowledge about the 
functioning of the economy which provides a method of formalising the 
interdependencies that constitute the system. It also provides 
an efficient method for processing and utilising a vast array of data 
and for summarising historical 
- 
data. Its equations comprise 
technical relations and identities that reflect national income 
and product accounts. (NIPA), and behavioural equations that describe 
the, actions of economic agents. The variables are classified into 
endogenous (that is explained within the models themselves) and 
predetermined (lagged dependent variables and exogeneous 
variables that are determined outside the model). 
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These models are highly complex because they are invariably large 
in size(4), mathematically non-linear, and dynamic in a sense that 
adjustment patterns to desired values are not achieved 
instantaneously, and the impact of some exogenous variables is still 
present after some time has elapsed. They are as well simultaneous in 
structure and cover the whole economy in detail. They are used in 
structural analysis (information reflected in estimated parameters 
and interpreted as. elasticities and marginal propensities, 
reaction parameters and adjustment coefficients), and for forecasting 
in the short and long-run. They- are used additionally for 
policy 'analysis by conducting hypothetical simulations assuming 
different values for the policy instruments. They can be used to 
monitor ý business cycles and f luctuations as well as the 
effects of different policy packages on major economic variables. 
A valuable application is in the context of indicative planning(5) 
and their use in central planning is discussed by Welfe (1983) and 
Czerwinski and Porwit (1975). If an objective function is attached 
to the models'-they can also be used to investigate optimal economic 
policies(6) 
Usually, ' one -finds several models of the same economy, 
constructed for different purposes. They may reflect different views 
of the economy, at different levels of aggregation(7) - and with 
different relative weighting attached to economic -theory and 
statistical evidence. ' Models are organic- in the sense that their 
structure evolves with new evidence, changes in economic focus, and 
advances in economic theory and, estimation, solution, and testing 
procedures. 
Early models were built on Keynesian lines, but subsequent 
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neo-Keynesian adjustments embedded the central idea of market 
failure resulting from the assumption of price rigidity and imperfect 
market. These models represent the mainstream large-scale structural 
short-run models such as the Brookings and the Wharton models of the 
US economy or the National Institute model of the UK. Further details 
on these models is given in Section [2.3]. 
Neo-classical or equilibrium models are based on market 
efficiency and relative price flexibility where equilibrium reduces 
the multiplier effects. It is assumed that the market clear, and 
no excess supply results from shocks in demand. Their behavioural 
equations are derived from first order conditions of profit - and 
utility maximisation. Examples of neo-classical models include the 
Liverpool model of Minford et al (1980), and the Sargent (1976) 
model. 
Most of the macreconometric models. examine the relationship 
between money and output, however there are some macroeconomic models 
devoted to this type of investigation built on 'monetarist lines. The 
most significant examples include the work of Anderson and Clarson 
(1974)', using the St Louis model, which is a small scale model based 
on the quantity theory of money and the work of Friedman (1969). The 
objective of this latter model is threefol , d. First, monetary actions 
are the dominant factor contributing. to economic fluctuations. 
Second, monetary actions have little, if any, lasting effect on real 
variables, with lasting effects only on nominal variables. Third, 
fiscal actions have only a transitory impact on economic activity. 
A critical analysis of the model is provided by Matthews and Ormerod 
(1978). Other examples include the models of Laidler (1978), and 
Parkin (1974). These are built around the monetarist approach to the 
balance of payments, called *global monetarism'. It should' be noted 
that some large scale neo-Keynesian models are influenced by these 
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monetarist models when modelling money and balance of payments. 
General equilibrium models have a microeconomic orientation and 
incorporate supply and demand for a large number of disaggregated 
sectors. They combine a structural Leontief input-output model with 
a conventional macroeconomic model, and are basically of the 
Keynesian type, emphasising real flows. Owing to the high degree of 
disaggregation, these models are very large. Examples of this 
type of model are the Southampton model of Pearce et al (1975), the 
Cambridge Growth Project described in Barker et al (1980) and the 
Maryland model of Almon (1975). 
Increasing model size is regarded as essential in order to provide 
the richness of information needed for policy analysis; an example of 
this would be a detailed tax system where the various tax rates 
could be manipulated. It can also provide the detail a private user 
needs to analyse his activity at the micro level. However there are 
advantages and disadvantages of aggregation and disaggregation in 
macromodels, as listed in Klein and Young (1980). The size of models 
may vary a -great deal and is determined by the objective of the 
models, data availability and resources. In general there is a 
tendency toward model gigantism as computers and model solution 
techniques become more promising. As a rule, structural 
neo-Keynesian models are large, while the neo-classical and 
monetarist models are small and highly aggregated, 
The role' of economic theory in macromodelling is controversial as 
was noted 'by Fromm (1973) and -Eckstein (1983). This is due to the 
lack of a 'consensus' model that can reconcile all models within one 
approach. - The controversy arises fr= the fact that there are many 
competing theories 'espousing different views about the workings of 
the economy. This is clearly reflected in the Keynesian-monetarist 
11 
controversy. Another element that contributes to the controversy is 
the fact that models sometimes rely on direct observation and 
judgement for their implementation as well as on ad-hoc formulations. 
However, a great deal of economic theory is microeconmic, based on 
the rational agent concept, and suggests behavioural equations that 
are derived from first order conditions for utility and profit (cost) 
maximisation (minimisation). 
Giving greater role to theory in modelling, would not provide the 
consensus model because of the restrictive nature of such theory. 
Equations suggested by economic theory are usually formulated in a 
static framework, based on the perfect competition assumption, and 
are non-stochastic and micio-disaggregative, moreover, such equations 
can be often formulated in more than one way. Economic theory is 
applied principally to the specification of the behavioural equations 
of the models. Hence, it does provide the minimum number of variables 
that enter equations and, a prlorl the' constraints, and the broad 
nature of behavioural relations, but not the definitive specification 
for a model which requires an econometric modelling framework for the 
final implementation. one way to bridge the gap between economic 
theory and macroecohomic models would be to extend and modify 
theory to deal with real complications such as expectations, 
di s equilibriumi adjustment schemes and disaggregation as was argued 
by Eckstein (1983). ' 
Given the reduced role of economic theory in equation 
specification and uncertainties about the structure and working of 
the economy, macroeconomic modelling could be viewed as an art that 
must also rely on an a priorl analysis of the economic system, and 
its institutional features, causal empiricismo , and personal 
experience, "all of'vhich must be incorporated-into the model design. 
Budd (19791 discusses two anDroaches to macroeconmic modellinit and 
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design that determine the long run properties of models. The first, 
approach divides the model into various blocks, then selects each 
individual block according to its own characteristics, so that the 
type of building is revealed only when model blocks are combined 
together. In the second approach, the design is revealed beforehand 
and blocks are selected to confirm that design, hence the long-run 
steady state is imposed on the model. This long run steady state is, 
for example, provided by Klein and Kosobud's (1961) 'great ratio" 
method, or from equilibrium equations of the neo-classical theory. 
The determination of dynamics, or adjustment to long-run steady 
state is believed to be generated by a complex data generation 
process, as discussed in Hendry (1979), and Hendry and Richard 
(1983). The process of modelling individual equations is achieved in 
two different ways. The 'simple to general" or the textbook 
approach, as described in Pagan (1981) and Zellener (1979), is 
thought to be too simplistic to -capture the complex data 
generation process, being uncritical and uninformative. Its major 
defect is its neglect of the temporal structure of time series 
variables. 
The second approach is based on the view that the steady state is 
not properly modelled by the former approach which assumes mainly 
stock adjustment and adaptive schemes as the way to model dynamic 
relationships. The proper approach is to let the data decide by 
including enough flexible formulations to allow the lag on every, 
variable to be determined empirically using Box and Jenkins (1970) 
techniques. This permit the development of a maintained model that 
is general enough to account for previous analysis and embeds all 
possible cases (nested and non-nested). The final model is selected 
by simplifying the maintained model, using a 'general to specificl 
aDDroach as discussed in Leamer (1978). Hendry and Wallis (1984). and 
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Spanos (1986), and subjecting different formulations to a battery 
of tests(8)- I 
Briefly, modelling from 'general to specific' is believed to 
improve macromodels and provides an answer to the criticisms raised 
against, them. Pagan (1981), Deaton (1982) and others, for example 
suggest that the textbook modelling strategy is largely responsible 
for the misspecifications embedded in these models. The chance of 
predictive failure is likely to be reduced if this strategy produces 
a well-defined model- that is thoroughly tested and not rejected, if 
it describes historical values without misfit,, predicts well, is 
consistent with theory and the measurement system, has valid 
exogenous variables, and encompasses previous analysis. A good 
example of ., the application of this strategy 
is found in Davidson er 
al (1978). 
ý It 
is Imown 
- 
that econometric theory emphasises the estimation 
methods rather than the testing procedures (Malinvaud, 1981). 
Most of the. estimation techniques of the parameters of the linear 
system of. simultaneous equations were unified in one framework by 
Hendry (1976) who dprived the estimating generating function. This 
approach shows how these estimators relate to each other, and 
provides the conditions to derive them. To discuss the appropriate 
estimation methods of the large scale macroeconometric models in 
practice, one has to reconcile the theoritical attractiveness of 
these estimators 
_with , 
their workability for the practical 
maroeconomic models. 
Estimation methods of systems of equations are usually categorised 
broadly into single equation techniques, limited inf o rma ti on and 
full- information techniques. Single equations techniques comprise 
ordinary least squares (OLS) and its extentions. In the context of 
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simultaneous systems, these techniques are biased and inconsistent, 
because they deal with every equations separately and ignore 
simultaneity completely. Limited information techniques includes two 
stage least squares method (2SLS), limited information maximum 
likelihood (LIM), fixed point (FP) methods, and the instrumental 
variables estimator (IV). These estimators are consistent but 
usually not asymptotically efficient. Full information system 
estimators use the whole information of the model by treating it as 
an entity. Full information maximum likelihood (FIML) is both 
consistent and asymptotically efficient. Other techniques include 
three stage least squares (3SLS), full information instrumental 
variables (FIVE),. and the system fixed point (FP) estimator. These 
estimators differ in the way they are derived and computed. For 
example FIML is achieved by specifying the likelihood of the system 
and estimators are obtained by maximising the likelihood function. 
3SLS is obtained by applying a generalised least squares estimator 
to the 2SLS estimates. 
These estimators are, usually ranked according to their 
statistical characteristics, such, as bias, consistency and 
asymptotic efficiency. Using analytical methods, which are based on 
large sample theory, the hierarchy-of the estimator is established. 
It is found that single equation estimators have the lowest 
ranking, whereas a full. information methods are superior. However, 
the choice of estimator within one category depends on factors -such. 
as nonlinearity, ease of computation, and sensitivity to 
specification errors. The asymptotic results are not generally upset 
when departure from the linear simultaneous equations model are 
taken into consideration, such as nonlinearity and autocorrelation. 
The small sample properties of these estimators are generally not 
known. The usual Drocedure emDloved to study such properties is by 
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means of Monte Carlo simulation experiments. Unfortunately these 
studies are usually based on simple models free from practical 
complications. The main result is that small sample properties are 
in agreement with large sample asymptotic results in terms of the 
ranking of estimators. When departure from the assumptions of the 
'clinical' models are undertaken, the ranking of the estimators are 
disturbed, specially, with regard to model size. parameter matrix 
sparseness, and specification errors. It is therefore necessary to 
consider practical macroeconomic models problems and see how 
they affect such estimators ranking. 
Macroeconometric models are systems of simultaneous equations, 
usually nonlinear in variables, dynamic in variables interactions, 
and are stochastic. Therefore estimation methods have to handle the 
presence of simultaneity, autocrrelation, nonlinearity, and dynamic 
form. Moreover, practical macroeconomic models ususally have an 
undersized sample. This means that the sample size is less than the 
model size, and/or that the sample size is less than the number of 
predetermined variables. The undersized sample feature has a 
profound effect on implementing the available estimation methods. 
Nonlinearity in macroeconomic models does not present a problem 
because models are generally linearised by appropriate mapping 
of the variables. Handling simultaneity is achieved by system 
estimation methods. Autocorrelation is dealt with using system 
estimation methods modified for autocorrelation (see Hendry (1976)). 
Despite the concentration on simultaneity as the main deficiency in 
single equation methods, Hendry (1974) study has shown that methods 
that ignore autocorrelation and deal with simultaneity are not 
superior to methods that deal with autocorrelation and ignore 
simultaneity. These complications do not alter the hierarchy of 
estimators significantly, at least in theory. 
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The full set of estimators, could not possibly be implemented due 
to practical constraints. The undersized sample characteristic 
effectively does not allow the derivation of methods which are based 
on unrestricted reduced form estimation, such as 2SLS and 3SLS- 
Moreover, it is not possible to derive the whole class of full 
information estimators either because the order constraint is 
violated, or the covariance matrix of the errors is singular. The 
second problem that constrains the use of estimators, is the presence 
of specification errors in macroeconomic models. It is found that 
estimation methods that require the exact specification of models 
such as fixed point (FP) and full information methods are 
inconsistent in the presence of misspecification error, which is 
pervasive in macroeconomic models (Eaton and Salmon, 1975). Methods 
which require only the specification of the list of predetermined 
models are less sensitive to this type of error. The use of single 
equation techniques in the presence of misspecified equations is 
believed to 'quarantine' the spread of the error to other equations 
of the system (Fisher, 1965). 
These factors narrow the spectrum of estimators to only 
single equation estimators and IV estimators. In the class of IV 
estimators 2SLS is the most effecient because it uses the whole 
set of predetermined variables. However, it is not possible to obtain 
2SLS estimates. To overcome such a constraint, the. 2SLS procedure 
has been modified in many ways. The simplest solution is to reduce 
the set of predetermined variables in order to satisfy the 
constraint; this method is known as the truncated 2SLS. To avoid 
randomness in deleting some of the set of predetermined variables, 
Fisher (1965) devised the structurally ordered instrumental variables 
(SOIV). This technique takes the economic causality of the model in 
chooýsing the instruments. The third modification of 2SLS consists of 
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deriving the pricipal components of the predetermined matrix. This 
method (2SLS-PC) reduces the dimensionality of large models because 
a few components can often explain most of the variability in the 
predetermined matrix (Mitchell, 1971 for an example). These 
modifications yield estimators that are not efficient and in some 
cases inconsistent(9) (Salmon and Eaton (1975)). However, if a 
consistent estimator of the structural parameters is obtained by 
means of an IV method, efficiency could be obtained by applying the 
Brundy and 'Jorgenson (1971) algorithm which yields limited 
information instrumental variables or full information instrumental 
variables if the error covariance matrix is not singular. 
The computing cost of these estimators is trivial, however, the 
ease of utilisation and familiarity with OLS make it the favoured 
method. This choice recognises the fact that consistency improvement 
in the estimators is not sufficient to encourage modellers to abandon 
OLS. Secondly, models in the, developmpnt stage need intensive 
regression analysis in order to design them, the computing cost 
therefore becomes relevant. However, consistent methods could be 
used to -check whether the inconsistency is large in later stages of 
the modelling. The third argument favouring OLS is its flexibility. 
OLS modifications provide a wide range of techniques to estimate 
relations with autocorrelated errors, polynomial distributed lags, 
nonlinearity, restricted parameter estimation, and so on. 
Criticism directed at macromodels varies in terms of their 
deficiencies. Time series modellers argue that the forecasting record 
of macroeconomic models is worse-ý than that of simple time 'series 
models (Cooper (1972), and Zarnowitz-(1978) for'some 'examples). This 
practice of comparison was criticised ' by Salmon and Wallis (1982), 
who relied on the fact that a macroeconmetric model could be written 
as a set of time series equations(10). Therefore a time series is 
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only one way among the many of representing a model. Added to this, 
models* are seldom used in mechanical forecasting. Equations are 
adjusted using a variety of methods that enable forecasters to 
impose their views on the future behavio ur of the economy (see Young 
(1979)). The outcome of this lenghty error comparsison is that 
models forecast within a small error margin and time series 
models outperform structural models only in short run forecasting. 
Lucas (1976), suggested that model instability is inevitable 
because economic agents form their expectations rationally, and 
therefore the underlying structure alters as they adjust their 
behaviour in anticipation of changing situations and taking into 
account all available information. This would seem to destroy the 
very foundations of macroeconometric modelling if one cannot assume 
stable relationships. However, Deaton (1982) argues that model 
instability is a practical matter which arises from model 
mis-specification. Pagan (1981) also noted that the criticism was 
overstated and the instability produced in Lucas's study was 
dependent on the way rational expectations were included into the 
model. Nevertheless, later versions of macromodels use consistent 
expectations solutions, as discussed for example by Hall and Herbert 
(1986). 
Sims' (1980) criticism centred around the identification 
procedures of macromodels using' spurious information to obtain 
estimates of the "restricted reduced form parameters. He concluded 
that truly structural models cannot be estimated and suggested the 
use of vector autoregressive models (VAR) as a substitute for 
macroeconomic models. However, Cooley and Le Roy (1985) found that 
some of the VAR approaches in macroeconomic analysis are based on 
incorrect assumptions. The VAR approach also fail to combine 
economic theory and econometrics as in macroeconomic models. 
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The tendency toward 'gigantism' was severely criticised by 
Deaton (1982). He pointed out that large models added little more 
knowledge than that offered by the small'IS/LM model. Supporters of 
large models argue that large structures permit better understanding 
of the way -the economy works, and permit the introduction of 
realistic policy setting. Added to this, detailed models have some 
econometric advantages, such as the reduction of 
multicollinearity and aggregation bias, and permit the 
inclusion of microeconomic theory-consistent formulations. 
Malinvaud (1981) attributed macroeconomic modelling problems to 
the"fact, that models are based on unproven ideas and theories; ad-hoc 
arguments are put forward to justify the main behavioural relations. 
Econometricians believe that model problems are a direct result of 
model misspecification and methodological limitations(11). They argue 
that more emphasis on stringent testing and specification procedures, 
will eventually lead to improved models. Pagan (1981) remarked that 
the future specification of models will be reasonably unchanging 
except for the process of adjustments and fine tuning of misspecified 
equations. 
12.31 MDCs Models 
Large scale - macroeconomic model building is a fairly recent 
phenomenon. Samuelson (1975) reviewed the developments prior to the 
start of this activity. The first macroeconometric model was 
probably that by Tinber'gen (1937) for the Netherlands and later for 
the USA-and the UK. After ihis''attempt a series of pre-war 
models were built by Klein and Goldberger and Christ for the USA 
which are reviewed by Christ (1952)* 
20 
These models were strongly Keynesian in spirit, were built 
around the income expenditure identity and concentrated on the 
explanation of final demand. All the models use pre-war annual data 
with 'an average sample period of twenty observations, estimated 
mainly by OLS. The main endogenous variables were final demand 
components with public consumption and investment treated as 
exogenous. The average size of the models was about twenty 
equations', although Tinbergen's model was distinguished by having 48 
equations. Lags operate mainly in the investment equation in the 
belief that investiaent fluctuations generate cycles in the economy. 
The final demand equations were augmented by price, wage, and 
interest rate equations and closing identities. The economic theory 
underlying' these models was simple and mainly static. Dynamics was 
introduced * by- lagged dependent variables assuming partial or 
adaptive 'adjustment patterns. Modelling was based on the best fit 
strategy using R2 and t tests, 'and models were validated using 
multipliers and-simulation techniques. 
Af ter such attempts, a step forward in the development of 
large'scale models' was made with the recognition that sound models 
need to be' placed - 'in a multi -di s ciplinary framework where 
specialist economists contribute in their area of research, 
developing equati I ons' separately. The model proprietor (an 
academic or non-academic institution) ý'is responsible for model 
operation and management. " ' The first evaluation of this type of 
activity is given in Klein (1964) who documented the work of 25 
economists who d-e'veloped - the SSRC model of the - USA between 1960-1964. 
This marked the birth of 'large" scale quarterly models designed 
for short r6 analysis and forecasting. 
This trend continued with even more ambitious objectives. 
The Brookings model was designed not only to serve for forecasting 
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but to advance the frontiers of macromodelling by developing 
new methods and techniques. The results of the Brookings 
developments are reviewed in Grilliches (1968), Fromm (1975) and the 
complete studies are given in Duesenburry et al (1965,1969), and 
Fromm and Klein (1975). Some of this was pioneering work that became 
of universal significance in explaining the behaviour of macro 
relations, such as the work of Jorgenson on investment anticipation 
and Holt on simulation techniques. 
Model formulations mushroomed rapidly during the 1960S and 
1970s in theýOECD countries, where in every country there is more 
than one competing model. 'Waelbroeck (1975) surveyed 38 models 
outside the USA; Fromm (1975)'surveyed ten leading US models; 
British models are reviewed in Hilton andýHeathfield (1969). Renton 
(1975), Ormerod (1979), Holden'er al (1982), and Wallis et al (1984, 
19859 1986,1987); Ball (1973) reviewed 13 models included in the 
project LINK; Shapiro and Halabuk (1976) surveyed models for market 
economies. As models are organic systems, i. e. they are 
constantly updated in relation to: their forecasting records; 
institutional changes 'such as tax reform; new ' evidence regarding 
some specific relations; and -new techniques# such as consistent 
solutions using forward expectations. It is very difficult to cover 
completely the developments in this area and survey all the 
models, but it is hoped that the stages in 'model developments can be 
highlighted by concentrating only on the main models" features. 
Usually, pre-war models' are 'labelled as 'first generation'. 
Second generation models originated in the early 1960s in the US 
and spread to the, oECD countries. During the second half of the 1970s 
models failed to predict the oil price shock and the subsequent 
world recession, and this predictive failure together with more 
general criticism of macroeconomic models, put their credibility into 
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question. Third generation models of the late 1970s and 1980s were 
obliged to incorporate profound adjustments and modifications in 
order to re-establish their credibility. 
Second generation models were large scale, having an 
endogenous government sector and considerable supply sector detail 
with price, wage , employment, hours worked, and investment 
equations for every sector. The inclusion of supply side equations 
in the models did not alter their basic assumption of a demand 
driven economy because production functions, if included, were 
inverted for labour requirements, and if an input-output matrix was 
added to the modeis it only permitted the translation of final 
demand components into industry gross output and industry prices into 
expenditure deflators, as explained in Preston (1975) and Klein 
(1983a). Second generation models gave more attention to the 
financial sector which was included with varying degrees of 
complexity. They modelled the financial transactions within the 
economy and its links with the rest of the economy, and some 
models were- built with the purpose of concentrating solely on 
this sector. The MPS model of the USA, the main purpose of which was 
to examine the influence of monetary policy actions on economic 
activity, is an example, of such a model. 
Second generation models were also characterised by the 
endogenous treatment of government revenue, and the use of explicitly 
demographic elements, and they included long run elements in the 
models. As a result they became less Keynesian. However they could 
be explained as- short term in the -sense , that such models assume 
elastic-supply, do not deal with problems of growth and capacity 
creation, and use quarterly data and forecast only for a small 
horizon. 
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Third generation models from the US and other OECD countries were 
developed as a direct response to the failure of their antecedents 
to predict world recession, and to mounting criticism from 
economists and econometricians. As every country, and thereby every 
model, has a different experience, model developments took different 
paths. However, some common ground does exist for model evolution in 
MDCs. For the US and the UK model modifications are discussed in 
Eckstein (1983), and Wallis and Whitely (1987), respectively. 
The modifications included elaborate modelling of f inancial 
transactions. The events of oil price shocks and price regulations in 
agriculture markets Ied to the adoption of the stage-of processing 
approach to price modelling. This approach permitted the introduction 
of OPEC pricing policies, and agricultural price regulations. More 
elaborate modelling of the supply side of models allowed the 
introduction of some principles of supply side economics, such as 
the links between tax cut and growth, and the effects of taxes on 
capital and labour supply. Modelling errors in expectations, 
because it was found that differences between business expectation 
and actual data generate cycles in the economy. Models became more 
price sensitive as modellers attempted to close the gap between 
theory and their models, since if one uses the maximisation 
principle to derive behavioural equations, relative prices enter as 
arguments in these equations. The importance of expectations in 
macroeconomics is widely recognised and much attention has been given 
in the econometric literature to the modelling of rational 
expectations (12), with models using extensive diagnostic testing, 
and instrumental variables estimation methods starting to be 
substituted for OLS. The equations of the models were developed using 
specification searches and the general to specific framework. This 
was aided particularly by rapid dissemination of the latest 
procedures and their prompt incorporation into user friendly 
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computer software, such as Hendry's (1986) PC-GIVE. 
12-41 CPE Models 
Research on CPEs models started in the early 1960s in Poland 
and Hungary. The main characteristics of the CPE models were reviewed 
by Shapiro and Halabuk (1976). Shapiro (1977) analysed 19 models 
models, Halabuk (1976) examined the Hungarian experience, and Welfe 
(1983) analysed the accounting framework that support these models as 
well as a skeleton model f or CPEs. Green and Higgins (1977) 
outlined their model of the Soviet Union which was based on 
non-Soviet data. -Costa er al (1979) surveyed six CPE models used in 
the LINK project. 
The -early models were highly aggregated, small scale and of an 
experimental nature. Economic activity variables were measured in 
volume terms and, expressed in, volume indices. For example, the 
first Polish model was estimated for the period 1950-1961 using 
annual data. It had seven behavioural equations and one identity. 
It was linear, recursive in structure and aimed to reflect effects of 
industrialisation on some variables. The first Hungarian model known 
as the H-1 model was of the same structure except that demand 
and supply were bglancedo simultaneous in structure and estimated 
by 2SLS. There was no feedback from demand to supply in either 
model. 
During the 1960s subsequent versions of these models were 
expanded in size due to increased dissaggregation of output, and the 
inclusion of equations for employment, and the demand for goods. The 
size of the Hungarian M-2 model included 25 equations and an eight 
sector disaggregation of output. The sectoral -output was 
fully 
allocated to end use categories through an identity. one of, the 
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elements of final demand was determined as residual to ensure that 
demand and supply balanced. 
By the early 1970s, the experience of Poland and Hungary spread 
to other CPEs, and their models drew heavily on them. The main 
development in the second generation models was that employment was 
determined simultaneously with output. Some feedback from demand to 
output was introduced through imports or investment. The use of 
quarterly models became more common although data availability 
constrained their scope. The use of autoregressive schemes 
introduced some dynamics and adjustment in the models. The 
foreign , trade equations expanded due to disaggregation of 
goods and regions, with special emphasis on trade with CMEA 
countries. In some models input-output tables were used to convert 
value added to end use. The use of volume data was abandoned in 
favour of national accounts data in real terms. Some models 
introduced price flexibility and . capacity utilization 
constraints. Plan data were used as anticipatory data and were 
regarded as being both exogeneous and policy instruments. 
Such developments of CPE models qualified them for large scale 
status and this together with their sophistication meant that they 
could become tools of, central planners for drafting initial 
projections and assessing plan consistency and feasibility. For 
example, Welfe's (1973) model contained 242 equations with 106 
exogeneous-variables, more than half of which were assumed to be 
government policy instruments. 
The specification of CPE model equations was based on 
conventional macroeconomic theory adjusted to reflect the structural 
and behavioural characteristics of CPEs. These equations were built 
around the balances of the national economy. The main measure of 
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activity was the net material product, not GDP as in MDC models. 
Welfe (1983) describes this framework of balances and suggests how a 
skeleton model could be derived from them in the same way as did 
Klein (1983a) for MDCs based on NIPA. 
CPE models reflect the structural and behavioural characteristics 
of these economies, and were introduced mainly in an ad-hoc manner. 
This process of pragmatic model development was made possible because 
CPEs modelling activities at academic and non-academic level is 
intense and widespread. Planners are keen to develop even larger 
and more realistic models, and were also willing to allocate the 
necessary resources. Increased size and sophistication certainly 
apply to, the Hungarian M-4 model and the Polish model W-5, the 
latter being developed to incorporate 800 equations by including 
flows and prices and a finer disaggregation of demand and supply 
factors. 
r2.51 LDC, models 
Modelling activity started in LDCs in the late 1950s with the 
work of Narsimham (1956) and Choudhry (1963) for India, and Suits 
(1963) for Greece. These models and others of the same vintage were 
experimental in nature and limited in scope. They had the same 
structure as the pre-war Klein-Tinbergen models of MDCS. Objections 
and scepticism about the applicability. of MDCs models have been 
raised at various times by people such as Rao (1958), Behrman (1975), 
Behrman and Hanson (1979). 
The developments in macroeconomics, economic growth and 
development models stimulated research into refinements of MDCs 
models to reflect the development stage, technological level, 
behavioural and institutional setting of policies, together with the 
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peculiarities of each country. This process led to the emergence of 
LDCs models different from those of MDCs. These differences reflect 
the degree of complexity of models, size, market adjustment 
mechanisms, policy channels and the severity of bottlenecks. 
This path reflects the strategy of model building for LDCs which was 
to adjust MDC's standard macroeconomic models to fit LDCs 
economic processes. The major features of these economies as far 
as macroeconomic modelling is concerned are discussed in Del Rio and 
Klein (1974), Desai (1973), Klein and Behrman (1970), Klein (1965), 
Behrman (1979). Table (2.1] list some development indicators that 
reflect differences-between different economic systems. 
These studies concentrate on many LDC characteristics that ought 
to be included in macroeconomic models, in order to improve the 
quality of such models. There is general agreement that growth in 
LDCs is very important. Therefore models should include strong 
supply side modelling, and reflect the. dual character of these 
economies and the importance of the supply side constraints (i. e. 
structural bottlenecks and idle capacity). The importance of the 
demographic constraint is also emphasised. Labour supply should 
be integrated in sub-models of demographic dynamics and the 
explanation of internal migration cast in the dual economy framework, 
using demographic and economic factors to explain such phenomena. 
The determination of wage and labour markets follow from the 
above dual economic approach. The role of labour surplus should be 
made explicit in urban wage and employment levels. Although 
inflation could be cast in cost mark-up approach. the distinctive 
role of structural, monetary and imported inflation should be made 
clear in these models. In the foreign trade sector emphasis is 
shifted to the effects of trade instability and on modelling 
commodities separately. The preference is given to developing 
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Table 2.1 tComparative Indicators of Development 
Less Developed-Countries 
zow Middle 
income income Algeria HDCs 
1-GNP Der caDita (US S) 260.0 740.0 2410.0 11430.0 
2-Pricý inflýtion' 
(1965/1973) 1.6 5.6 3.8 
(1974/1984) 5.9 20.6 12.2 
3_GNP growth, per capita 
(1965/1984) 2.8 3.0 3.6 
4-Industrial output growth 
(1965/1973) 8.9 9.1 9.1 
(197411984) 7.4 4.4 6.3 
5-Agricultural output growth 
(1965/1973) 3.0 3.6 2.4 
(1974/1984) 3.6 2.7 4.2 
6-Investment to GDP ratio 
1965 21.0 17.0 22.0 
1984 25.0 19.0 38.0 
7-Primary exports I 
of total exports-(1965) 77.0 93.0 96.0 
(1983) 79.0 99.0 
8-Imports to GDP ratio 
(1965) 31.0 29.0 23.0 
(1983) 30.0 26.0 
9-External debt to GDP ratio 
(1970) 16.8 12.4 19.3 
(1984) 23.8 5.2 24.3 
10-Interest payments to exports 
(1970) 12.5 9.7 3.8 
(1984) 13.5 17.2 33.6 
11-Government expenditure 
X of GDP (1972) 18.2 20.0. - 27.0 
(1983) 16.3 26.2 38.0 
12-Direct taxes Z of-, 
total taxes (1972) 18.6 26.5 16.0 
(1983) 17.7 37.7 18.0 
13-Indirect taxes X of 
total taxes (1972) 65.6 48.6 25.0 
(1983) 70.3 37.9 24.0 
14-Agricultural output 
as X of GDP (1965) 42.0 31.0 15.0 
(1984) 36.0 22.0 6.0 
15-Urbanisation (1965) 17.0 26.0 32.0 
(1984) 23.0 ý37.0 47.0 
16-Labour force X 
in agriculture (1965) -78.0 66.0 57.0 
(1984) 70.0 56.0 31.0 
17-Schooling rate in 
higher education (1965) 2.0 4.0 1.0 
(1983), 4. o 12.0 5-90 
18-Income distribution 
lowest 20 percent 7.0(a) 5.8(b) 7.5(c) 
highest 20 percent 49.5 48.0 46.6 
(a) India (1975-76), (b) Egypt (1974) (c) Alge ria (1973) 
(d) USA (1980). 
Sources World Bank Development Report (1987) 
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29 
separate world primary commodities and integrating them into national 
models. For imports; quantity constraints should be made explicit. 
For the consumption-savings relationship, it is the existence of 
rural-urban differences, high levels of subsistence consumption and 
the impact of income distribution and forced savings that should be 
incorporated into conventional consumption demand equations in order 
to produce genuine LDC consumption functions. The investment 
equation also need some modifications. The feature of imperfect 
capital market and the role of credit control should be included. 
Interest rate ceilings and the role of financial market restrictions 
and personal savings effects needs to be incorporated into LDC 
investment equations-. Many more examples could be given, however, 
the above examples are perhaps sufficient to capture the essence of 
model adjustments. 
It is in this spirit of model adjustment subject to data quality 
and availability that LDC macro models have developed since the 
second half of the 1960s. One important constraint on model 
development and improvement is the apparent lack of academic and 
non-academic institutions in LDCs that sponsor, develop and use 
econometric models on a continuous basis. Most of the models were 
developed in Western universities as part of doctoral thesis, and 
rarely updated, tested on fresh data or used in genuine forecasting. 
Unless such traditions develop, LDC models will always be limited 
in scope and sophistication and will only be of an experimental kind. 
To evaluate the LDC models in the light of the above discussion 
and determine how models were developed in reality, a sample of 
models is used as illustration. Their main features are listed in 
Table [2.2]. The sample represents the latest and most serious 
attempts in LDC modelling. However other studies of LDC models have 
been carried out by Desai (1973) on eight Indian models, Shourie 
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Table 2.21 General characteristics of LDCs models 
Country N' of eqs(a) N* of vars(b) Sample period Demand 
Author -B ehavioural -Endogenous Method of Supply 
Year -I dentities -Exogenous estimation Price 
Finance 
[1) Chile 
Behrman 172 249 1945-65 17 
(1977) 90 177 T-21 24 
82 72 OLS 31 
18 
[2] Greece 32 101 1953-66 11 
Vernardakis 20 32 T-14 4 
(1978) 12 69 OLS-2SLSPC 2 
3 
[3] India 35 56 1964-74 4 
Srivastava 18 35 T-11 2 
(1981) 17 21 2SLS_Sp(d) 4 
8 
[4] Kenya 143 188 1968-80 17 
Elliot et al 53 143 T-13 7 
(1986) 90 45 OLS 20 
9 
[5] S. Korea 112 175 1970-84 9 
Kwack 53 112 T-15 14 
(1986)'' 59 63 OLS 15 
15 
(6] Ghana 109 158 1956-69 24 
Atta 60 109 -T-14 6 (1981) 49 49 2SLSPC-OLS 14 
16 
[7] Malaysia 43 79 1964-81 10 
Semudram 19 43 T-19 0 
(1982) 24 36 OLS I 
8 
(8] Mexico 143 188 1948-68 20 
Del Rio, Klein 40 143 T-20 9 
(1974) 103 45 OLS 4 
7 
[9] Tunisia 172, 1963-74 16 
Garrin et al 59 95 T-11 20 
(1977) 36 77 LIVE 14 
9 
[10] Argentina 101 127 1955-69 26 
UNCTAD 66 101 T-15 22 
(1973) 35 26 OLS 10 
8 
(a) Total number of equati ons, behavioural and identities. 
(b)-Total number , -of variab 
les, endogenous and exogenous. 
(c) Number of behavioural equations pertai ning to each block 
(d) 2SLS using a subset of predetermined variables. 
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(1972) provided a critical study on models of thirty LDCs built by 
the UNCTAD (1968), a; id ten models by the ECAFE (1968). The models 
built for project LINK were surveyed by Glowacki and Ruffing (1979), 
and other models of India, Argentina, Mexico were analysed by 
UNCATD staff (1973). 
Table (2.3] outlines the structure of LDC models based on the 
sample of aggregate models. When taken singly they suggest that 
little progress has been made in producing genuine models for LDCs. 
When taken together, however, there does seem to be a case for 
producing a tentative prototype macroeconomic model that reflects 
the workings of this broad category of countries on the lines 
outlined above. The theory underlying these models is simple 
textbook macroeconomics adjusted for some LDC peculiarities on an 
ad-hoc basis. The econometrics of these models is characterised by 
the classical modelling strategy where testing is minimal and 
dynamics limited to a lagged dependent variable assuming partial 
adjustment. There is no testing for misspecification. The models do 
not evolve in time and are not used in genuine forecasting. The 
authors used the classical validation methods of simulation and 
multiplier analysis to prove the credibility of their models. 
Finally it is worth mentioning that three elements heavily 
constrain the development of LDC models. On the one hand, modellers 
hold the view that economic mechanisms in LDCs are extremely 
simple, hence their models are designed to reflect this simplicity. 
On the other, economists argue that the process of growth in 
LDCs is extremely complex, phenomenon that is not yet understood. 
Consequently some LDC models are misspecified because they rely on 
simple views of the real world(13). Second, model development needs 
resources and skills, and it is necessary that a large public 
uses and tests them independently. The scrutiny and criticism of 
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Table 2.3 LDCs Macroeconometric Models Structure 
Sector Main Features 
r1l Consumption z-Aggregate per capita. Most equations 
based on Keynesian absolute income 
hypothesis. 
-Few additional variables tested. 
-No rural-urban truncation. 
-No income distribution effects. 
r2l Investment -Based mainly on accelerator theory 
modified for credit availabiliy. 
-Aggregate private investment treated 
while public investment regarded as 
exogenous. 
-Limited use of interest rate and user 
cost of capital. 
-Inventory investment either used for 
balancing demand and supply, or 
explained by output and prices. 
r3l Trade -Simple formulation based on activity 
and relative prices as the main 
variables. 
-Equations adjusted for quantitative 
- restrictions. 
-Exports almost treated at the commodity 
level. 
-No BOP modelling. 
r4l OutRut -Use of Cobb-Douglas production function. 
-Exogenous technical progress. 
-Conventional measures of output gap 
, taken as indices of capacity 
utilisation. 
"I ' 
r5l Employment, -Either production functions inverted to 
obtain labour requirements, or the use 
of profit maximisations and cost 
minimisation models to obtain 
employment level. 
-In most cases labour supply treated as 
exogenous. 
-No treatment of the demographic 
dynamics. 
161-Prices -Based on cost mark-up. 
7Strong impact of import prices, but 
less impact of the money supply and 
demand pressures. 
r7l Wages -Phillips curve, or Neo-classical 
theories used to explain wages. 
-No incomes policy role. 
-No use of Dual models for wage 
explanation, 
181 Goverrment -Exogenous expenditure. 
-Taxe functions related to tax base. 
_PSBR not related to money supply. 
191 Monetary -Use of money multiplier model. 
-Monetary base exogenous. 
-Money demand equations based on income 
and the rate of inflation as the main 
explanato-y variables. 
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rral an outsiders is bound to improve the structu 
\ 
alysis and forecasting 
ability. However, the forementioned is absent within LDCs, and 
as has been stated, most models are developed outside these 
countries. Third, data availability for LDCs severely curtail the 
prolifiration of macroeconmic models of these economies. It is this 
constriant that militates against deep adjustment of macroeconomic 
models to better reflect LDCs economic behaviour and their structural 
featues. 
Aggregate macroeconometric models for LDCs are only one class of 
models used in macroeconomic policy analysis. There are other 
economy-wide models used in the context of development planning. 
These include growth models build on the line of Harrod-Domar growth 
theory; optimisation and resource allocation based on programming 
models; Chenery two-gap model for estimating domestic and foreign 
resources to sustain a given accumulation rate (see Behrman, 1975, 
1977, and Blitzer et al 1975). Unlike macroeconometric models it is 
assumed in these models that aggregate demand, inflation and capacity 
utilisation are not important considerations. Moreover, it is 
assumed that the entire fiscal-monetary-income-international 
policy-inflation nexus could be ignored. In planning and growth 
models short-run fluctuations are regarded as not being important 
because it is assumed that flexibility is extremely limited in LDCs. 
The objective of these models is different from macroeconomteric 
models. For example "programming models concentrate on the question 
'what could happen to the economy if optimal readjustment occured in 
response to policy changes. These models conveyed the message that 
growth is more important than short-run fluctuations, and that 
aggregate macroeconometric models are not suitable tools for applied 
macroeconomic analysis in LDCS. The survey provided in thIs chapter 
shows that the attitude has shifted greatly, and macroeconometric 
models are'used equally for both growth and stabilisation policies. 
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Alternative development strategies for LDCs are increasingly 
assessed using computable general equilibrium models (CGE). The chief 
characteristic of a CGE is that it simulates the workings of a market 
system in which prices vary in various markets in response to changes 
in supply and demand. It permits the simulation of the results of 
policy packages which operate through the price mechanism such as the 
exchange rate, interest rate and subsidies. A CGE model is a 
simulation model not a structural forecasting model. It is intended 
to be applied in situations where market mechanisms can be expected 
to respond to changes in market conditions. This is in contrast to 
standard macroeconomic models, which derive their results from 
complex specifications as to the speed at which markets respond to 
changing economic conditions, and the different structure of these 
adjustment lags. 
The application of CGE in the context of development strategies. is 
discussed in Dervis - er al (1982). Their weaknesses and merits are 
'listed in Borges (1986). They are based on solid microeconomic 
foundations and integrate the bahaviour of all agents in a systematic 
way. However, the CGE model cannot provide historical tracking of the 
data, and therefore their numerical accuracy cannot be evaluated. 
Moreover parameters are usually not estimated but only calibrated to 
a single data point. Their assumption of general equilibrium exclude 
them from considering situations of disequilibrium, though market 
imperfactions and structuralist features could be introduced (Taylor, 
1979). They 'are also data intensive and require sophisticated 
solution algorithms which make them difficult to apply to LDCs in 
general. ' 
12.61 Modelling the Algerian e6oriomv. - 
Developing a macroeconomic model, or even applying econometrics 
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to a single equation. requires a consistent database of good 
quality and reliability. The sample size of the data should be large 
enough to capture the variations that are to be studied, though 
these should be fairly stable and predictable. Moreover, 
macromodels are usually based on the findings of separate 
econometric studies concerning different sectors of the economy. 
Regularities of economic behaviour are therefore known beforehand. 
For Algeria this is not the case. Although data are of the 
same calibre as in other major LDCs in terms of availability, they 
are not consistently compiled for direct use in econometric 
studies. A process of compilation and adjustment is needed in 
order to produce a time series database. The sample period used in 
this study of 22 sample periods is good compared to the models cited 
in Table (2.2]. The reason why there is no promotion of 
econometric studies in Algeria is primarily due to the fact that, in 
Algerian universities, there is less emphasis on applied quantitative 
work, and teaching. activity has been rnked above research in 
general.,, However there are currently some change due to revised 
universities, priorities, and more attention is being given to 
postgraduate courses. 
The 
_task of 
formulating a model for the Algerian economy, 
designed primarily for the structural analysis of economic activity 
such as growth, inflation, employment, and output is made difficult 
due to the lack of empirical quantitative studies that describe 
different aspects of the economy. This difficulty is compounded by 
data problems. The approach used here to construct a model of the 
Algerian economy is to formulate behavioural equations by combining 
the peculiarities, of the Algerian economy and the use of, formulations 
suggested in applied macroeconomics, and the experience of LDC and 
CPE models. The resulting equations were implemented only after an 
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extensive data based modelling approach was applied. Chapter Three 
outlines the Algerian economic policy in some detail, so 
attention is given here only to those features that have a direct 
bearing on the model. 
In the survey of MDC models above, it was revealed that there 
are many types of macroeconomic models. Therefore one is bound 
to ask what is the most suitable model for the Algerian economy. 
Neoclassical models are difficult to apply because they are usually 
designed for advanced MDCs. Their emphasis is on market equilibrium 
forces and rational behaviour. Even after fine tuning these models, 
it is difficult to see how they can accommodate the development 
and central planning problems of Algeria(14). Monetarist models, 
apart from their concentration on the monetary transmission 
mechanism, are not suitable tools for macroeconomic structural 
analysis, which is the main objective of this study. 
However, the monetary block of the model pould build on these models 
in order to identify and link the transmission mechanism to the 
wider economy(15). As for general equilibrium models, although they 
could provide, the framework of an analysis of the Algerian economy 
(of course subject to adjustment), the sheer requirement of data 
detail makes them infeasible in practice. Apart from their detail, 
they are basically, -similar to the Keynesian macroeconomic models. 
The structural macroeconometric model, which is based on an 
income-expenditure identity of the Klein-Tinbergen vintage represent 
the most suitable framework of macroeconomic analysis for 
Algeria(16). All the LDCs and CPEs surveyed in this chapter are 
indeed based on this premise. Sectoral detail of the model will be 
determined by the objective of this study, and data availability for 
the Algerian economy, The model will have medium term scope because 
data are annual and economic policy is f ormulated within the 
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framework of five year economic plans. Data constraints are 
considerable for developing such a structural system. The 
adjustments to the conventional MDC macroeconomic model to fit the 
characteristics of the Algerian economy are mainly guided by data 
availability. 
There are three major feature of the Algerian economy that the 
modelling process that should incorporate at the macroeconomic. level. 
First, the degree of underdevelopment. The Algerian economy is 
relatively underdeveloped, so the features of LDCs discussed above 
apply to the Algerian case but with different intensity (Table 
[2.1]). However, the low share of agricultural production out of GDP 
makes the issue -of economic dualism not very relevant at the 
macroeconomic -level. Other feature of development will be 
reflected in the estimated realtionships of the model. These include 
high propensity to consume, and technological levels as measured by 
the parameter of the production function. 
Second, central planning has wide implications for policy 
conduct' and institutional setting. These issues are discussed in 
Chapter Three, - however., the peculiarities of central planning were 
incorporated in our model in the same manner as is done in CPE 
models. - The investment equations of the model were developed in a 
manner such- that 'planned investment is treated as a policy 
instrument. The effects of disequilibrium and price stickiness were 
treated by 'combining supply and demand factors which explain such 
phenomena. - 
Third, the price of oil in the world market, and hydrocarbon 
exports has a special role in mining economies. Although, the model 
we de-veloped is - large, it essentially picks up the main - ef f ects of 
oil price as, -outlined in Pesaran (1985)(17). The price of oil was 
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treated as exogenous in the model. Its channels of impacts are the 
balance of payments, and the public sector borrowing requirement. 
Therefore its effects on growth are taken into account. 
The lack of available data and resources does not permit the 
integration of all these aspects of the Algerian economy into a 
macroeconomic model at a first attempt, but the model was designed to 
incorporate them as much as possible. 
12-71 Conclusion 
This chapter has provided a comprehensive review of a number of 
different macroeconometric models, covering most of the elements of 
interest., together with a comparative assessment of macroeconometric 
models within different economic systems. This was a deliberate 
tactic in order to describe the environment in which the model which 
is-to be developed would be situated. It also permits us to ascertain 
the relevance of the work described in this thesis. 
ý It was found that most MDC mainstream macro e conometri c models 
require a large input in terms of time series data and knowledge of 
the structure of the economy. However, these models are volatile 
instruments and, are used for a variety of purposes. Macroeconometric 
models reflect different views of the economy, at different levels of 
aggregation and with different relative weightings attached to 
economic theory and economic evidence. The role of economic theory in 
such models is described as controversial and modelling efforts are 
qualified as an art. Despite the richness of econometric estimation 
methods, macroeconomic models are usually estimated using OLS. 
MDC macroeconomic models were developed from the prototype pre-war 
models of Klein-Tinbergen, and have evolved into the present 
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sophisticated models which feature systematic econometric testing and 
rational expectations solutions. Early macroeconomic models of CPE 
were designed for typical planned economies where macroeconomic 
fluctuations, inflation and unemployment were not regarded as 
problems which affected such countries. However, as many CPEs 
introduced adjustment programmes to tackle economic stagnation, 
macroeconomic models became a tool used by the planners. 
Models of LDCs grew out of the Klein-Tinbergen prototype model - 
Virtually all the literature in this area attempted to adjust the 
prototype model in order to fit the stylised facts of LDCs- The 
degree ofýsuccess was hampered by a lack of data and the resources 
necessary to develop models that are continously updated and tested 
against new findings in the area of LDCs macroeconomics. 
Unfortunately, there is no existing serious econometric work 
regarding Algeria to review. However, the survey detailed in this 
chapter provided the background for the thesis which is mainly 
concerned with developing a macroeconomic model for Algeria. The 
information contained in this chapter permits us to conclude that an 
appropriate model for Algeria might be based on a conventional income 
expenditure, framework; however, it was decided that the modelling 
strategy adopted should be flexible enough to permit the synthesis of 
the major feature of Algeria's economy, especially those relating to 
development, central-planning and oil exports. 
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Chapter Three 
The Algerian Economy: 1963-1984 
13.11 Introduction 
This chapter opens with a section that briefly details Algeria's 
economic, history and outlines the background information necessary to 
grasp the degree of underdevelopment the country experienced in the 
- 'To help this process we use Chenery and Watanabe's (1958) past, 
four-way classification of the 1954 input-output table for the 
Algerian economy measuring backward and forward linkages in the 
production system. 
ýThe structural aspects of the Algerian economy, and macroeconomic 
policy are then described in order to shed some light on the workings 
of the economic system and especially its instruments, channels and 
methods of macroeconomic regulation and management. 
. -, Its must be born in mind that Algeria is-a centrally planned, oil 
exporting, less 'developed economy. As ý discussed in the previous 
chapter, underdevelopment imposes severe constraints on the economy, 
though the presence of oil and natural gas in considerable quantities 
has meant , that- the ' chances of accelerated development are quite 
realistic. -', "Added to 'this; central planning and a socialist 
development policy - favourý resource allocation to basic industries 
and- capacity- creation. - 
The country's industrialisation policy is 
therefore central -in,: setting the framework of economic policy, all 
aspects of which are designed to ensure successful 
industrialisation. ',,, 
The chapter concludes, with a general assessment of macroeconomic 
performance and- the identification of the extent of Algeria's 
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development problems. It will provide the information necessary to 
specify and estimate the model as well as to conduct simulation 
policies that are outlined in subsequent chapters. 
r3.21 Economic history of AlReria, -1830 
to 1962 
This section focuses on the process of underdevelopment between 
1830 and 1962. It outlines the implications on this for the economy 
and analyses the country's economic structure during the last decade 
using Chenery and Watanabe's (1958) approach to measuring structural 
linkages in the production system. This reflects one important 
feature of economic development, useful in understanding development 
policy and the foundations of industrialisation in Algeria. It also 
provides a precise'picture on the structure of the production system 
in the wake of the country's independence in 1962. 
Three approaches are used to . study the genesis of 
underdevelopment in Algeria. Benachenhou (1978) used the Marxist 
approach of capital accumulation and its dynamics to explain 
how the pre-colonial economic organisation was restructured into a 
dependent colonial economy based on cash crops and weak 
engagement in industry. According to him, this process of 
restructuring -was achieved during' three distinct periods. ' The first 
period (1830-1880), 'was marked by the appearance of capitalism in 
agriculture via land expropriationand settlement policy. From 1880 
to 1930 the'colonial agricultural SI ystem ex I panded because of the 
appearance of rural labour previously attached to tribal 
communities. The circumstances" of low wage rates, market growth 
(facilitated by the custom 'union between France and , Algeria in 
1851). and the extension of the financial system, were favourable for 
capital accumulation in agriculture. All these factors combined, led 
to the development of production based largely on viticulture, 
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cereals, citrus and garden products. The third period started with 
the great depression (1930-1954). The result was economic 
stagnation. Massive unemployment generated a huge emigration flow 
to France, as well as internal. migration. The consequences of these 
earlier events partially explain present problems. After the Second 
World War modest industrialisation was undertaken, however, it 
was limited to basic food processing units and the construction 
industry(l) and failed to generate sustained industrial growth. 
Benissad (1979) used Myint's (1958) model to explain the process 
of trade specialisation and formation of a dual economy, (see Table 
3.1 for some indices and ratios that reflect these phenomena). 
One important consequence of the colonial economic policy was the 
absence of an import substitution industrialisation (ISI) as had 
happened in some Latin American countries such as Brazil and 
Colombia, after the Second World War. This was because the necessary 
trade protection was lacking as Algeria has been member of the 
French' custom* union ' since 1851, prices were not buoyant(2) and 
balance of payments problems, which where thought to be at the 
origin of ISI, were ý absent in the case of Algeria because of her 
membership in the monetary union known as the Franc zone. 
A sharply contrasting approach to the explanation of 
underdevelopment is presented in Aron et al (1960) who consider it 
to be a natural phenomenon. They argue that Algeria is large, though 
mostly desert. Only 9Z of the land is economically viable, of 
which a fifth is ' cultivable 'though threatened by high land 
erosion. - Limited water resources, with few rivers capable of 
being used for transport, constitute a handicap for agriculture and 
industrial development. Only 13.5Z of the cultivable land is 
considered to be fertile. Before the discovery of oil and gas 
there were few energy sources and insufficient mineral deposits, 
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except f or iron and phosphate. Islam and its impact on land 
tenure, meant that land was divided into small plots. 20Z of farms 
were single owned and 58Z have 2 to 5 parcels. 
Although there is inevitably some debate about the origins of 
underdevelopment in Algeria, the fact is that by end of the 1950s, 
the Algerian economy still exhibited many of the characteristics 
conventionally associated with underdevelopment (see Table 3.1). 
Measuring development is unfortunately a difficult task, because 
none of the single indices of development are sufficient and often 
do not reflect reality(3). However, economic development could be 
generally, regarded as a combination of economic growth in real 
income per capita, a structrual change (economic and social), and 
changes in the welfare and well-being of the population. 
GDP-growth per capita between 1953 and 1962 in real terms was 
only -0.6Z p. a. Moreover this increase does not reflect the real 
aggregate growth situation because of the deep economic and social 
dualism and highly unequal income distribution. The data provided 
by Aron et al (1960), and the official statistics therein, reflect 
this situation. For'example if we take the agricultural sector as 
an illustration, we find that it is divided between modern and 
traditional sectors. The former was extensive (a third of total area 
in 1954), owned, by European (2Z.. of the total agricultural active 
population) in most of the fertile land, and mainly produced cash 
crops (wine). This agriculture was mechanised, irrigated, and 
received most of the financial resources. On the other hand the 
agricultural land owned by Algerians (two third of total area in 
1954) was not mechanised, and the average acerage was 14 hectars. 
73Z of farms were less than 10 hectares, though it had been 
estimated that 12 hectares was necessary for subsistence. For 
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the structural change which reflects the development pattern, data 
given in Table (3.1] clearly reveals this point. Trade structure was 
dominated by primary goods, most of the active population was 
engaged in agriculture, and the production sector was dominated by 
agriculture and services. The welfare indices available shows that 
the literacy rate was only 18Z for primary schools and that there 
were around 5137 peo'ple per doctor, five times worse than the level 
in France in 1954. More examples could be given(4). 
The structure of the production system, which reflects an 
important- side of development and structural change, is analysed 
using the 1954 input-output table of 25 sectors using the four way 
classification method of Chenery and Watanabe (1958) to study the 
sectoral imbalances and degree of interdependence between sectors. 
Interdependence of sectors is indicated by intersectoral purchases 
and sales of inputs between them. The extent of sectoral 
interdependence can be analysed by the linkage indicest which are of 
two typest backward; and forward. The backward linkage index Uj is 
defined as: 
SUM I of sector j purchase of I inputs Ur 
total output of sector j 
Xjj 
or Ui, xj 
This index gives the'degree of dependence of sector j on all other 
sectors in terms of the ratio of purchased material inputs to the 
value of total production of that sector. The forward linkage index 
is defined as: 
s= of sales of sector i to other sectors 
total demand 
n- I ýjj n 
zi or 
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The forward linkage index Wi measures the dependence of all other 
sectors on sector i using the ratio of intermediate (Xij) demand to 
total demand for that that sector (Zi) Where: 
Xij- intermediate use of good i in industry j 
Xi- total production of sector j 
Zi - total supply of sector i 
Table [3.2] lists the value of Uj and Wi for 25 sectors. The 
average value of Uj and Wi calculated at the aggregate level 
were U- 40.6Z and W- 32.2Z respectively. Chenery and Watanabe 
classified the sectors by comparing each Uj and Wi to the average 
value- U and W. The essence of their idea is silmmarised below in 
Table [3.2]. 
.. Based on an analysis of developed countries' production systems 
by Chenery and Watanabe, it was advocated that the f inal 
manufacturing sector uses a large proportion of its expenditure to 
purchase inputs fromi other sectors and uses them to produce output 
for, final demand; the final primary production sector uses a large 
proportion of its expenditure to purchase value added inputs and 
produces output for -final--demand; the intermediate manuf acturing 
sector uses a large proportion of its expenditure to purchase inputs 
f rom - other sectors and uses them to provide products for further 
processing; ý the intermediate primary production industry uses a 
large proportion of-its expenditure- to employ primary factors and 
provides material inputs for other industries. 
This classification gives an Idea of the logical sequence of 
input uses aI nd ouqut sales according to an industry's position 
in the system. -ýAn example of-this logical sequence'is that one might 
expect, the mining industry to be classified as intermediate 
primaryý production and the steel industry as intermediate 
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manufacturing. other industries that use steel as an input could 
be classified in this sector or as final manufacturing. Further, 
when analysing the articulation of industries, one should look at how 
demand is satisfied and where sales go. Table [3.2) gives Ai, the 
proportion of sectors' imports to total supply Zi, and Bi the 
proportion for sectors' exports. These indices shows that 
industry, in general, imports more than it exports and the 
reverse is true for agriculture and mining. 
The classified sectors in Table [3.2] exhibit some peculiarities 
when compared to developed countries. These peculiarites seem to be 
common in the case of less developed countries, and therefore certain 
deductions can be made about the phenomenon of underdevelopment from 
this table. First, machinery production, a vital sector seen as the 
%engine of growth', does not appear in Algeria; metal 
transformation, an important industry in the capital goods sector. 
had a value added share of only 3.4Z and most of its inputs were 
imported; the steel industry, a backbone of industrial 
development, had a share of 0.361; 761 of the output of the mining 
industry was exported, and as a result, it was classified as 
final primary; agriculture was also classified in this sector because 
41Z of its output was exported. According to Chenery and 
Watanabe's table these two sectors were classified under 
intermediate primary production because most of their output is used 
as inputs for further processing by the steel and food 
industries. The features of a distorted production system is 
revealed by calculating the value added share of each category, 
the final sectors occupied 87.6Z of total value added and 
intermediate 12.41 of total value added. Therefore the production 
system was sparse in the sense that little intermediate 
exchange between sectors occurred due to the weak linkages and low 
multiplier effects. 
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Finally, at the macroeconomic level, the economy during the last 
decade of colonialism was in recession, with low income growth and 
high unemployment. The production structure was dominated by primary 
production sectors, as was the export secto. The agricultural sector 
was highly dualistic and the rural population was living at almost 
subsistence level. It was against this 'dislocated' production 
system and backward rural agriculture that Algeria's post 
independence policy was designed. It aimed to restructure the 
production system so that manufacturing become dominant by further 
processing the output of final primary production. Agriculture and 
mining would therefore shift to intermediate primary production and, 
more important would create new industries. In fact Algeria's 
industrialisation policy will be judged by this criterion because 
its main aim was to strengthen industrial linkages, create 
employment, modernise agriculture and achieve economic independence. 
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Table 3.1 Development Indices 
GDP per capita (1950) 150.6 US Dollars. 
(1962) 179.9 1 Nil 
Growth of per capita GDP (1950-1960) 1.5 Z p. a 
Population (1954) 8.0 millions 
Primary schooling rate (1945) 8.0 
(1954) 10.0 
Iliteracy rate (1954) 94.0 
Population per doctor (1954) 5137.0 
Allocation of active iDoDulation (1954) X 
Agriculture 87.8 
Industry 4.2 
Services 8.0 
Total 100.0 
Unemployment rate 31.0 
Population growth rate (1906-10) 0.7 
(1951-55) 2.9 
Under-employment (1950) 650,000.0 
2 of Active population 46.0 
GDP growth rate (1953-1962) 
in real terms I pa 0.6 
GDP allocation (1954) X 
Agriculture 35.0 
Mining 6.0 
Construction 7.5 
Manufacturing 14.8 
Retail trade 19.1 
Services 17.6 
Total 100.0 
Trade structure (1954) Imports Exports 
Raw materials 6.7 16.7 
Fuel 4.3 - 
Industrial inputs 27.0 19.8 
Agriculture products 15.5 60.0 
Consumption goods 30.1 1.9 
Capital goods. - 
16.4 1.6 
Total 100.0 100.0 
ExDenditure structure (1955 
Private consumption 68.4 
Public consumption 11.3 
Investment 23.9 
Exports 18.3 
Imports 22.0 
Sources: 1 -Aron er al (1960) 
2 -World Bank Tables (1987) 
-3 -Hinistere de l'Algerie (1955) 
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-r3.31'Hacroeconomic policv: 
1963-1984 
Algerian macroeconomic policy has been generally conditioned by 
three major factors; development policy and industrialisation 
strategy; central planning; and hydrocarbon and oil windfalls. 
The country's development policy was first formulated during the 
war of liberation (1954-1962), and much of its substance was affected 
by the bitterness and the cost of that struggle. The main 
objectives of this policy are to be found in various political 
documents(5). It consistently aimed at the creation of a strong 
industrial system that would achieve economic integration, the 
promotion of self-ieliance and independent development by 
reducing dependence on others in the long termt and meeting the 
central objectives of full employment and basic needs satisfaction. 
The post-independence economic histqry of Algeria could be 
divided into'three periods that correspond to major economic and 
political events. The first period (1963-1965) was characterised by 
a pragmatic approach concerned with reconstructing the economy after 
independence and installing self-management in agriculture and 
industry. However, the radical economic policy recommended in the 
Algiers'Charter (1964) was not implemented and this period was hence 
known as the "'waiting time'. As will be revealed in the next 
section, economic performance. was poor and disappointing, and 
problems of chronic unemployment and under-employment were not 
resolved. It is estimated (see appendix A for the various economic 
growth rates) that two third of the rural and a quarter of the urban 
labour force was'unemployed(6).. 
In 1965, the new gover=ent shifted the country's economic policy 
toward the achievement of rapid economic growth based on heavy 
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industrialisation and central government resource allocation. This 
policy was executed by implementing three development plans(7). 
The first, a three year plan, was merely experimental and based on a 
study visit of a group of experts from the Soviet planning 
ministry GOSPLAN and the World Bank. Shortly af ter the end of this 
plan most of the institutional arrangements and reforms for 
central planning were made. By 1971 most of the 
nationalisation reform objectives had been achieved(8); agricultural 
reforms were established; a financial reform that enabled central 
resource mobilisation by the Treasury was implemented; there was 
an ý import monopoly by public corporations; prices and wages 
were controled; the distribution network was controlled and credit 
for the private sector was rationed. 
- -The'second and third plans thus operated according to a system of 
central planning aimed at solving the development problems by the 
end of the 1970s. Although growth performýnce was satisfactory, the 
ensuing imbalances - and the neglect of some sectors (such as 
agriculture, housing and water resourcess) and the high cost of the 
industrialisation programme(9) paved the way for the evaluation by 
the Assemble Populaire Nationale (1979) and the Ministry of Planning 
(1980) after the second four years plan. Although this 
evaluation and assessment did not reject outright the economic 
principles - of the previous plans, the need for reform was felt 
to be obvious. - 
Even though OPEC's second oil price shock in 1979 increased oil 
revenues considerably, the first five year plan (1980-1984) was 
mainly a reform package. There was a shift in resource allocation in 
favour of neglected sectors and a slowing down of 
industrialý investment to enable industry to absorb the resources 
allocated in the previous plans. The plan also aimed to reduce the 
.0ý 
country's external debt burden and reforms focused on the style of 
management and economic regulation. 
More flexibility was introduced by abolishing agricultural price 
controls and allowing free distribution. The 1966 code of private 
investment was replaced by a new code in 1981 which introduced a 
higher ceiling on the amounts allowed per project and set out the 
legal procedures for sanctioning projects as well as granting 
tax incentives for investment in poor regions and for export 
promotion. The public corporations were scaled down in size and were 
reorganised on a regional and functional basis(10) in order to 
solve the chronic problems of low capacity utilisation, 
maintenance, marketing problems and so on. It was hoped that this 
set of reforms would increase non-hydrocarbon exports and 
gradually reduce trade dependence. The study of Bahamed (1984) 
showed that export potential was not negligible, but the results 
in section four of this chapter shows little change in 
export composition during the 1980-1984 period. 
It is important to grasp the basis of Algerian industrialisation 
policy in order to understand macroeconomic policy, because the set 
of economic policies were designed to ensure a favourable 
environment for rapid industrial growth. Although the 
industrialisation strategy could be regarded as a variant of the 
heavy industrialisation doctrine, -in Algeria it is viewed from a 
pragmatic angle, based on technical the concepts of input-output 
linkages to -justify the industrial choice of giving priority to 
capital producing industries and rejecting mainstream strategies of 
import substitution and export promotion. 
The starting point-for this strategy is Feldman's (1928) model 
(tr anslated from Russian by Domar (1972)) and the work of 
.J 
') 
Mahalanobis (1955)(11) both of whom analysed the question of planner 
allocating resources to the capital producing sector and its impact 
on the level of consumption and output growth. They recognised that 
in the long term real consumption would increase only if 
investment in the capital goods sector was given priority. The 
driving force in the model is investment in the manufacture of 
machines, since the growth of the capital in the 
consumption-goods sector depends ultimately on accumulation in the 
capital-goods sector. The mechanics of the model in the 
presence of foreign trade as a source of supply of machines is 
discussed in Fransman (1986). 
Once this priority was established, there still remained the 
question of how to select the industries within the capital 
goods sector. The answer was provided by De Bernis (1972). Based on 
the 
- work of 
Hirschman (1958) on industry linkages, and Perroux 
(1951) on the definition of the motivat#g industry, he defined 
industrialisation as the process of the filling in of the 
inter-industry (input-output) matrix. For De Bernis this process of 
filling in could arise only from those industries that possess 
strong ", driving effects' which are not present in all industries. 
The, capital goods sector was reckoned to be the sector with 
not only driving effects, but in particular producing the 
industrialising effect. This is so because of this sector's 
ability to produce machines that produce machines and thus diffuse 
technology throughout the economy. The end result of this 
restructuring process is to the production of a coherent 
industrial structure. The capital goods sector includes not only 
'final industries' as defined by Chenery and Watanabe (1958), but 
also some intermediate industries, from the work of Leontief er 
al (1953) who defined the capital goods sector as that which 
includes parts of industrial and household equipment, machine tools. 
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motors and turbines, parts of iron and steel, chemical industry. 
He argued that the industries in this sector meet the very 
criteria by which he defined industrialisation: they are the source 
of strong driving effect, they constitute an essential factor in 
the filling in of the inter-industry matrix; and they contribute to 
higher technical progress and hence higher productivity. 
De Bernis forecasted some conditions for the success of this 
strategy. Agrarian reform is required to maximise agricultural 
surplus and modernise agriculture so it can absorb an industrial 
supply of inputs (e. g. the chemical industry). Mining resources must 
be controlled, and this condition was regarded as essential for 
maximising exports. Exact planning by the public sector was necessary 
to -induce -driving effects, as was the promotion of regional 
cooperation to provide large markets for the supply of the capital 
goods industries. 
The implications of this model on the macroeconomy are numerous, 
and will be discussed briefly. The problem of unemployment is 
unlikely to be resolved quickly because the model relies on 
industries which are highly capital intensive so as to maximise 
driving effects. The high amount of investment needed in the 
capital sector and its priority on the consumer goods sector may 
cause real consumption to decline or at least create excess demand 
in this market. The conditions of agricultural reforms laid down for 
this type of industrialisation are bound to aggravate the 
industry-agriculture relationship as the maturity period of projects 
producing capital goods is long and the sectors that agriculture 
supplies are, to be developed only after capital goods are 
produced(12). This- double mechanism will lead eventually to a 
decline of agricultural output and increased internal migration. 
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As projects are large, and use complex technology, and given the 
low level of skills and technical education locally, the technology 
transfer by foreign contractors(13) will have a great impact on 
capacity utilisation(14) and cost escalation, thus causing a delay 
in the process of inter-industry filling in. The model is not 
operational, unless the balance of payments constraint is not very 
severe. Although Algeria is an oil producing country, oil revenue 
had to be supplemented by a large external debt, therefore 
undermining the economic independence objective. The role of the 
hydrocarbon sector in the process of industrialisation was 
controversial. The financial function, which consists of crude oil 
and natural gas export activity is not industrialising, although it 
provides the bulk of foreign exchange. The productive function ( of 
petrochemicals), although industrialising, will absorb large amounts 
of foreign exchange which will increase the external debt. The model 
is based on the unproven idea that some industries have strong 
driving effects. The -study of Andreff and Hayab (1978) 
triangularising 'the*input-output table of Algeria for 1974, reveals 
that the hierarchy of sectors differs with that chosen by the 
planners in accordance with the strategy of lindustrialising 
industries,. ' 
The second element that greatly affects the macroeconomy is 
central-planning and planners' regulation of the economy. Although 
Algeria could be described as a CPE, some peculiarities attached to 
the planning system make the adjustment and economic stablilisation. 
as'described for Eastern Europe by Allen (1982) and Wolf (1985), 
difficult to apply. This is due principally to a mixture of 
planning and market-forces working in the economy, and to diffrences 
in the style of economic management. 
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The planning system in Algeria is different from other CPEs 
because not all economic activity is centrally planned in the detail 
that prevails in these-other countries. First, production planning 
in public sector corporations is not centrally dictated, 
therefore plan fulfilment is not the corporations' major target. In 
this respect corporations have a certain degree of freedom to 
set their production plans. Bouzidi (1984a) noted the absence of 
production planning' at all levels (i. e. compulsory production 
norms). The same could be said for marketing, employment, and 
training. By contrast, investment allocation is totally 
centralised and is placed in the hands of planners who determine the 
accumulation level. The details of this procedure and project 
realisation are discussed in Bouzidi (1984a). Another important part 
of the planning system is import regulation. As in other CPEs, 
the exchange rate is not used for trade balance corrections, rather 
it is the quantitative regulation of imports that determine 
trade balance policy. imports in. Algeria are determined 
according to a tight system that evolved from a policy of tarrifs and 
a flexible system of exchange controls in 1963, to stringent import 
quotas in 1978(15). 
Price planning in Algeria is based on fixing prices according to 
their category. This policy is presented in Ali-Toudert (1982) and 
Mokkadem's (1984) study. After independence, price - fixation was 
based on a decree issued in 1945'which introduced price controls in 
France. This was based either on direct price fixing or trade 
margin fixing. The legislation of 1966 and 1968 was aimed at 
extending price 'controls and determining the bundle of goods to have 
fixed prices. During the First Four Years Plan (1973-1977) a new 
price control system was introduced that gave planners more 
controls 'and -which was in accord with the objective of equal 
income distribution, and inflation control. The plan introduced 
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four regimes of prices. Fixed prices cover goods of special 
necessity (i. e. cereals, coffee, sugar) which are subsidised on the 
principle of compensation. Special prices cover special 
circumstances. Stabilised prices are prices of imported capital goods 
designed for investment projects. Controled prices include all 
prices not specified above. These are controled by the priciples of 
ceilings, tariffs, or constant mark-up. One problem of 
applying these controls is that the majority of goods are sold to the 
consumer by the private sector. During the First Five Years Plan 
(1980-1984), and as part of the reform package, the direct control 
of marketing agricultural products was abolished and many prices 
were adjusted upward in order to ease price distortions. 
No wage planning exists as in other most CPEs. Government policy 
is conducted by manipulating the minimum guaranteed wage which has 
had to be adjusted as prices increased rapidly. The minimum 
guaranteed wage in agriculture and the civil service was frozen 
until 1972. As the rhythm of industrialisation accelerated, so did 
wages in industry. but, unfortunately, not on rational basis. By 
the end of the second four year plan (1973-1977) an anarchic 
situation-existed created because of the disparities of the wages 
of different sectors which in turn created high labour 
mobility(16). This was because national -corporations simply 
ignored- goverment legislation regarding wage freezes. The wage gap 
between industry and the civil service widened. This obliged the 
goverment, in 1977, to ýtake the emergency measure of adjusting wages 
in education and abolishing the minimum wage in agriculture which was 
replaced by a national minimum wage. A detailed study of the wage 
structure and its disparities is found in Ali-Toudert (1982), 
Benachenhou (1973),. and Boutenf ouchet - (1984). -, Among t he emergency 
measures was the constitution of a national wage grid that determined 
all wages for the different professional categories together with 
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skills as well as bonuses. The complexity of this operation meant 
that up to 1984, it had not been introduced. 
Despite tight prices and wage controls, inflation increased at a 
higher rate than in most CPEs (see Nutti (1986) for comparison). The 
sources of the Algerian inflation could be attributed to the 
following factors. Institutional inflation due to a high budget 
deficit financed ýy high powered money. This is a consequence of 
the over full employment policy of investment as well as the lack of 
surpluses of public corporations. Public sector intervention in 
wholesale distribution instead of the stabilisation of prices is 
believed to add to the cost margin of goods by incurring 
further costs and supply instability. The accommodation of foreign 
trade control which led to higher prices due to bad port management. 
Irregularities in imported food and goods of basic necessity as 
well as industrial inputs and equipment, which all led to 
higer prices. Rigidity of agriculture. goods supply. The high 
growth of employment coupled with general low productivity and 
high absenteism rate, which led to high cost as well as high demand 
on goods and services even though nominal wage rates did not 
increase considerably. 
Although trade transactions are controlled, the Algerian economy 
could be regarded as an open economy because exports of hydrocarbon 
depend totally on world supply and demand. Oil price-increases had 
a direct repercussion on total foreign assets which increased the 
money 
-stock 
aided by an overvalued currency. on the import side. 
the dominance of capital goods and industrial inputs reflects world 
inflation more readily than world food prices because the former are 
not completely subsidised by the government. Even so, the subisidy 
is reflected in the budget deficit which in turn is financed by 
inflationary methods. 
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Another cause of inflation is the fact that public projects 
tended to be large and complex and use complex technology. In 
Murphy's (1983) study on macro-projects in LDCs, Algerian 
projects ranked third with 69 projects at an average cost of $ US 
561 millions. These macro-projects seemed to overrun initial cost 
estimates and execution time. The average cost escalation for 
projects costing $ US 500-999 millions was estimated to be 1061. 
In the IREEP (1977) study(17) eight factories were compared to 
similar sample in France; the cost of the Algerian factories was 122Z 
more, although wages were nearly 100% less. A research group in 
the economics department of Algiers University (Temmar, 1983), on the 
problem of cost escalation, found that during the First Four Year 
Plan (1970-1973), the delay amounted to between one and a half years 
and four years with almost a third of the plan projects being 
phased into the Second Four Year Plan. This meant that the plan cost 
was 156Z of the original plan cost (120Z in heavy producer goods, 
and 35Z in consumer goods). This situation was aggravated during 
the Second Four Year Plan (1974-1977). The overall planned figure 
for the period 1967-1978 was 240.5 billion Dinars, the actual spent 
amount was 402.5 bn Dinars. This situation led to the reforms of the 
First Five Year Plan which was mainly concerned to allow only Second 
Four Year Plan projects to be finished. 
The third element that affects the implementation of the Algerian 
economic policy is the oil revenue from hydrocarbon exports. The 
question of oil windfalls and theway they were used is explained in 
Gelb (1985) and Conway and Gelb (1984). Oil windfalls and their 
impact on the economy are transmitted directly through budget 
revenue and the balance of payments. As the exports are highly 
concentrated, the economy is faced with instability that make the 
whole development process dependent an oil price. 
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The OPEC's price of oil more or less quadrupled between 1973 
and1974, then declined, and in 1979, doubled again to reach $ US 35 a 
barrel. Since, four fifths of oil windfalls were in general 
received by producers, fiscal policy is therefore central to 
channelling these resources to investment. To test the extent 
of oil revenue contribtion, Gelb (1985) used an approach that 
compares the growth prospects of producer countries with a 
counterfactual scenario based on the absence of oil price shocks. 
The results of this study suggest that Algeria stands out as the 
most mineral dependent country as judged by norms set out by Chenery 
and Syrquin (1975). However how this oil windfall was used in 
Algeria was remarkably different from other oil exporting countries. 
Algeria absorbed the entire first windfall in investment and 
borrowed abroad to sustain the high accumulation rate. This reached 
a remarkable level of 731 of non-mining GDP in 1977. Two-thirds of 
the second oil windfall of 1979-1980 was used in investment and a 
third to promote consumption. The other oil exporting countries 
used a quarter of their oil windfalls to reduce external debt. 
a- further quarter was consumed and the remainder invested. In 
Algeria the growth of non-oil output was disappointing compared to 
the growth of investment, though the additional growth that could 
be acheived otherwise(18) is estimated at only 1.4 1 on average. 
The negative consequences of relying so heavily on oil 
windfalls to promote rapid growth are twofold. First, growth can 
not be sustained if the world price of oil declined as it did 
during the recession of the second 1980s (oil revenues were halved 
during 1982-1984). An oil slump therefore could outweigh any 
gains made from oif windfalls if expenditure is not properly 
phased. Second, the 'Dutch Disease' phenomenon is bound to develop. 
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This is demonstrated by an apreciation of the real exchange rate and 
a sharp contraction* of the non-oil tradable sectors in the long 
run. The oil syndrome in Algeria was different as would be 
predicted from the Salter-Swan model(19), principally due to the 
central planning feature of the economy. In fact the real exchange 
rate (Dinars per US Dollar deflated by the CPI) depreciated 
considerably, though the trade weighted real exchange rate increased 
slightly (see Gelb (1985)). Algeria's sectoral evolution 
was also distinctive, with manuf acturing and agriculture 
increasing their total share of non-oil output. 
r3-41 Macroeconomic performancet 1963-1984 
In this section the performance of the economy will be assessed 
on the basis of the various ratios and indices calculated from the 
database which was compiled to estimate and simulate the model from 
1963 to 1984. This database contains aa large number of economic 
series which describe the trends in the Algerian economy. The data 
value is greatly increasd, because it was collected and compiled in 
an electronic file, consistently in a form not available elsewhere. 
This makes the data readily available for regression analysis 
and quantitative assessment of the Algerian economy. Many 
important -variables are evaluated by the author for the first time, 
using the equilibrium relations of national accounting (i. e. 
unemployment -- rate, wage rate, planned investment, etc).. The data 
sources will -be given in Chapter Five and Appendix B when data 
problems are described. - However the content of the data is given 
in Laabas (1988). 
The growth rates for the period 1963-1984, or for different 
sub-periods-if indicated otherwise, were calculated by fitting a 
trend line to the data using a semilog model. In order to assess 
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the performance of the economy in different periods. the kinked 
time trend model was used to obtain secular growth rates for five 
periods which correspond to the development of the economy between 
1963 and 1984. The model and the growth rates as well as the 
various ratios are listed in appendix A. 
All the growth rates were calculated from data in real terms 
deflated by the proper price indices. However, some rates are 
calculated from variables in nominal terms, especially the monetary 
variables, or if the proper deflator does not exist. Theses rates 
are indicated in the text. 
r3.4.11 Structural change and industrialisation 
The structural shift in the production system and the impact of 
Algeria's industrialisation policy is assessed using input-output 
analysis. Chenery and Watanabe's (1958) four way classification was 
conducted on four input-output tables of the Algerian economy(20). 
The results of this classification are given in appendix A. it is 
clear from the value added share of the classified sectors that 
industrialisation impacted most on intermediate manufacturing, 
increasing its share from 2.4Z in 1963 to 12.2Z in 1984. On the 
other hand the share of final manufacturing was constant at around 
162. This structure raises two points. First, high industrial 
investment, seems to have had little impact on increasing the share-of. 
manufacturing. Second. the fact that most of the changes were made 
in intermediate manufacturing casts doubt on the validity of the 
'industrialising industries' strategy in creating a capital goods 
sector, because the output of this sector, if used in investment, 
should be classified as final manufacturing. Final primary 
production consisted mainly of hydrocarbon output and the sharp 
increase in its share in 1974 was due to the shift in agricultural 
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output, which went back to intermediate primary production in 
1979. 
Overall, the shift in the production system from intermediate to 
final activities is considerable, which indicates that 
industrialisation did change the production system in situations 
where output is further processed within the system. This amounts to 
an increase of multipliers and linkages in the production process. 
r3.4.21 Output growth pattern 
GDP growth in real terms during 1963-1984 was about 6. OZ pa 
increasing from 2.51 during the first period (1963-1966) to 5.71 in 
the last period (1980-1984). Output at factor cost increased by the 
same magnitude. Per capita output growth was lower by almost 3.21 
which corresponds to population growth rate. Sectoral growth rates 
were widely different and marked by two- drawbacks. First, growth 
during the period 1963-1966 was negative except for 
manufacturing and hydrocarbon. Second, there was poor agricultural 
output growth throughout almost the whole period. The average 
growth rate was only 1.0Z. 
It is difficult- to give a short explanation for the deficiency 
of the agricultural , sector and a full enquiry falls outside the 
scope of this work. However it-seems that this situation. follows, 
the trend in most CPEs. Briefly, this study would suggest that the 
main reason is the deterioration in the agriculture-industry 
terms of trade, ý and especially the wage differences between the 
two which were inevitable given the backward level of agriculture 
and the inadequate agricultural policy in general. 
- Adding to this fragile, situation, agricultural 
policy concentrated mainly on public sector cooperatives in 
terms of resource allocation and subsidy although the public sector 
share-of land was on average only a third of total agricultural land. 
The system for price control of food and agricultural products was 
complicated and bureacratic (analysed in Bedrani (1981)), and led to 
a distortion in this market with implications for its efficiency. 
Added to this, other factors such as declining water resources for 
irrigation and the use of fertile land by industry led to a decline 
of agricultural output. Exports therefore declined and food 
imports increased. For example, between 1963 and 1984, citrus 
products declined by 8.02 p. a, cereals by 0.61 p. a, viticulture by 
8-4Z p. a. The export share of agriculture products declined from 
36Z to less than half of one per cent between 1963 and 1984. The 
share of food imports always exceeded 101 of total imports. 
The growth pattern of other sectors was better than in 
agriculture. This was especially so in manufacturing and 
construction which grew at 9.141 and 10.6Z respectively on average. 
The sectoral output allocation was marked by the decline of 
agriculture and service output shares by almost a half from 17.8Z in 
1963 to 9.5% in 1984 and from 47.7Z in 1963 to 20.11 in 1984 
respectively. This was compensated for by nearly a twofold 
increase in the hydrocarbon sector to 311 in 1984. Manufacturing 
output share fluctuated at around 14.6Z. The construction sector 
increased its share four times and transport stabilised at around 
5. OZ. 
This structure reflects the fact that, in order to increase 
manufacturing output share as the key for development, more 
resources had to go to the hydrocarbon sector in order to generate 
the foreign exchange needed to import capital goods for the 
industrial sector. Therefore, the economy was transformed from 
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being agriculture dependent to hydrocarbon dependent. The 
importance of the capacity installed must not be discounted, because 
'if the utilisation of this capital had been high the situation 
might well have been different(21). 
r3.4.31 Employment trends 
Employment growth assumed the same pattern as output growth, and 
was even higher in the case of agriculture, construction and 
hydrocarbon. Total employment increased by a steady rate of around 
4.0Z and labour productivity therefore was only 1-2Z p. a. At the 
sectoral level the situation was not very different except 
for agriculture and hydrocarbons. Low productivity in the economy 
was probably due to low capacity utilisation and over-manning. 
Over-manning occured because the jobs offered were largely those 
requiring high technical skill levels whilst the local labour force 
consist mainly of non-skilled workers. Employment allocation 
between sectors cha: nged considerably between 1963 and 1984. The 
agricultural share declined from 43.8Z in 1963 to 25.81 in 1984 at a 
rate of 3.11 p. a, though the share of the service sector declined 
only slightly. The share of the manufacturing sector nearly doubled 
up to 1977 from 7.3Z to 13.8Z, then declined to 11.0Z during 
1980-1984 as the priorities of the First Five Year Plan shifted 
to other sectors. This shift is reflected in the share of the 
construction sector which increased. at a sustained high rate of 
12.1Z during 1963-1984. 
The promise of labour full employment proved to be hard to 
achieve, although economic policy stressed it more than any other 
macroeconomic objective. The reasons for this can be summarised as 
follows: first, the unemployment rate was historically high 
because of the economic recession during the liberation war and the 
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collapse of the economy afterward. The unemployment rate was 23Z 
in 1963 and decreased gradually to 15.0Z in 1984. Second, the 
'industrialising industries' strategy embedded a fundamental bias 
towards the adoption of technology that intensified sector 
interdependences and linkages using large scale labour savings 
production methods in order to take advantage of economies of scale. 
Given that labour gkills are low, the problem of employment 
creation was reduced by employment hoarding and over-manning 
levels in the industry. Third, the arithmetic of the creation of 
industry that modernises agriculture by supplying capital goods 
and provides markets f or agriculture output was in error. The 
unequal relation between rural agriculture and urban based 
industry led to a massive internal migration flow of 100,000 
persons a year between 1966 and 1977(22). Fourth, population growth, 
one of the highest in the world. meant that the economically 
active population growth was high as well, hence labour supply 
increased at a rate of 3.51 per annum. 
r3.4.41 Technical chanae 
The t echnology used in the economy is of vital importance as far 
as policy decisions are concerned, especially those regarding 
pricing policies and employment creation, as well as output growth. 
It is'widely believed that industrial choices in Algeria were based 
on capitally intensive production - processes because the 
'industrialising industries' doctrine was based on macro-projects 
and advanced first world technology. 
The question. of technology transfer in Algeria, is 
important to the understanding of growth generation (see Boutaleb 
(1981) for some examples, and Yahyaoui (1983) for a special case 
concerning the construction industry). At the sectoral level the 
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capital output-ratio and capital-labour ratio provide a synthetic 
measure of technology mix between capital and labour. These ratios 
do not represent the technical relation between capital, labour and 
output at company level, but they are rather a macroeconomic 
measure of the dynamics of the interaction of investment and output 
growth, which are affected not only by technological aspects of 
capital accumulation. but also by capital utilisation, inflation and 
output growth. The capital-output ratio in agriculture increased 
considerably because the growth of investment outpaced output 
growth. This ratio rose to 9.42 in 1984, equalling its highest 
level acheived up to that time. The manufacturing capital-output 
ratio was high despite the good growth record of this secto r, 
providing some evidence of capital intensive technology in the 
manufacturing sector. The ratio in the other sectors is lower, 
especially in the consruction sector which is labour intensive. The 
hydrocarbon ratio is low because the oil construction operation is 
not intensive as compared to petrochemicals, which is classified in 
the manuf acturing sector. However natural gas liquif ication 
plants andý Mediterranean- sea pipelines to Italy proved to be of 
advanced technology even in the developed countries and needed large 
sums of investment. - 
The capital-labour ratio across the six sectors showed a tendency 
upward indicating that industrialisation policy was biased toward 
capital intensive methods. -The high capital-labour ratio growth in 
agriculture is also explained by the decline of employment growth in 
agriculture and the relatively high capitaLaccumulation. The labour 
productivity trend was -generally disappointing between 1963 and 
1984. The agricultural, - construction and hydorcarbon sectors 
registered negative productivity growth. Positive 
productivity growth in manufacture, -transport, and services was less 
than 21. The cause of productivity decline in Algeria is 
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investigated further by (see appendix A for the results), estimating 
total factor productivity (TFP) on the lines of Elias (1978)- The 
result shows the average sources of growth decomposition for each 
sector. By comparing TFP with real growth rate of output, it can be 
seen that only manufacture and construction had a positive TFP 
contribution, but by a far less proportion than real capital 
and labour input. Therefore technical advance does not account 
for output growth in Algeria between 1963 and 1984. This only 
highlights the problems of supply management which constitutes 
the'key for future improvement of manufacture sector growth, which is 
one of the major development problems. 
13-4.51 Investment allocation 
Algeria's development policy is regulated mainly by investment 
allocated from GDP and between sectors. GDP allocated to investment 
was high by the standard of high income oil exporters, consequently 
the ratio of investment to nominal GDP increased from 20.6Z in 1963 
to 44.71 by the end of the Second Four Year Plan (1974-1977); this 
rate declined to 34.2Z in 1984. The rate of sectoral investment to 
sectoral output was very high on average, especially in the 
manufacturing sector where it was 73.8Z. This high accumulation 
rhythm created a situation of low capacity absorption of allocated 
planned'investment. For example, the average (1963-1984) deviation of 
planned investment to actual investment in current terms, expressed 
as a percentage of actual investment, ' was 44.61 in agriculture and 
27.7Z in manufacturing., This situation contrasts with the widely 
held view-that agriculture declined because of under-investment. 
This view is based on the arithmetic 'of investment allocation between 
sectors which is thought to reflect the government's policy and 
sectoral priorities. Investment allocation- generally favoured 
industry, absorbing 27.5Z for manufacturing and 25.01 for the 
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hydrocarbon sector on average, for the period from 1963 to 1984. 
13-4.61 Inflation dvnamics 
Price inflation in Algeria increased rapidly, though not to the 
levels experienced in Latin American countries, because of tight 
price controls in the consumer market as well as price planning 
between units of the public sector. Although food prices increased 
more rapidly than did other prices, the system of subsidsing major 
basic goods prevented prices reaching the levels of 
hyperinflation. However the deviation of market prices from planned 
prices suggests that there is a good deal of hidden inflation not 
reported in the price statistics. Some examples of this phenomenon 
are given in Benissad (1980). and Ali-Toudert (1984). 
Nevertheless, the inflation rates calculated using the kinked trend 
model for various prices and wages, as well as monetary growth 
variables, do bring'to -light some of the dynamics of inflation in 
Algeria between 1963 to 1984. 
The decline of agricultural output, coupled with high population 
growth and-high growth of personal incomes, led to an increasing 
demand for'consumer goods. This situation was further exacerbated by 
severe import controls on consumer goods, especially consumer 
durables. The share of consumer goods imports declined from a 
quarter of - total ' imports in 1963 to just 5Z in 1984. This 
situation created persistent excess demand in consumer goods which 
is only partly manifested in repressed inflation and market 
disequilibrium, as was found in Conway and Gelb (1984). The 
marketing strategy of agricultural products vhich aimed to direct 
price control, contributed significantly to price increases as 
speculation in this market increased traders' profit margins. Wage 
inflation and wage-price spiral effects on price inflation were 
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weakly transmitted due to the strong incomes policy, which is 
regulated by the minimum guaranteed wage in agriculture and 
industry. In fact real wage rates increased only slightly; for 
example, the aggregate real wage rate increased by 1.31 over the 
whole period, whereas the non agricultural minimum real wages rate 
decreased by the same amount, which suggests that low wage 
earners lost out in real tem. Agriculture minimum real wages 
increased by 0.21 per annum because they were adjusted upward in 
1980 to correspond to a national minimum wage rate. 
This strong control of wages meant that unit labour cost 
increases were only moderate. in fact. they declined in transport and 
hydrocarbon sectors. The higher rate in the manufacturing sector 
resulted from the fact that wage fixing in the public corporations 
was not subject to the same wage legislation as in the civil service. 
The increases in the prices of intermediate inputs, calculated using 
the technical coefficients of five input-output tables used as 
weights on -sectoral price indices, show that input cost increases 
were of the same magýitude as output prices, but the differences in 
intermediate use between sectors meant that industrial input 
prices grew faster than its output prices because of buoyant 
agricultural prices. 
. 
The price of imports is an important element of cost in the input 
requirement -of the production process as well as of capital 
accumulation and -consumption. Increases in the import price index 
were . slightly higher than OECD countries' prices due to the 
imposition of tariffs. The effects of the exchange rate on the 
price of imports was not obvious as the exchange rate is not 
devalued in order to"curb import increases. 
Expenditure deflators, vhich increase under the pressures of 
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sectoral output priýes and market demand pressures, were in general 
higher than output prices. The investment deflator increased at a 
rate of 11AX p. a which is approximately equal to the construction 
price def lator increase of 10.4Z p. a between 1963-1984. The 
inventory price deflator also increased on average by 10.2Z. This 
inflation was not due only to the cost elements in the economy, but 
part of it could be attributed to nominal monetary growth. However, 
the extent of each element could only be established empirically. 
The high investment profile and the limited development of the 
financial system meant that high powered money creation for internal 
finance represents a potential threat to increasing inflation. The 
monetary base index-increased from 25.6 in 1963 to 658.1 in 1984 at 
a rate of 18 X per annum, assuming a base of 100 in 1974. 
r3.4.71 Trade Dolicv and external debt 
One of the main aims of Algerian development policy is to achieve 
economic independence through the development of a sound industrial 
sector based on capital goods production. It is hoped that this 
will subsequently reduce reliance on foreign trade. If one judges 
the periomance: of the economy using this criterion, the achievement 
of self reliance is far from being a reality. In fact, as the pace 
of industrialisation increased during the 1970s the degree of 
integration in the world economy became tighter. The ratio of 
imports to GDP increased from 27X in 1969 to 44 X in 1977. This 
serious situation of increasing dependency on foreign trade became 
the target of the new economic policy in the First Five Year Plan 
(1980-1984) by slowing down industrial expansion. This ratio 
therefore declined to 23Z in 1984. The structure of imports 
reflects the dominance of the industrialisation policy in the 
Algerian development policy. The share of capital goods and 
industrial inputs represent nearly two third of total imports, 
41 
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whereas the share of food, and services was around 15Z each. The 
share of consumer goods dwindled from 25.8Z in 1963 to 5.2Z in 
1984. 
However, the share of GDP exported was also high due to 
increasing hydrocarbon output, especially of crude oil and natural 
gas. There is a tendency for the crude oil's share to decline as 
more refined products and natural gas are exported. A strategy of 
diversification within the hydrocarbon category reduced the impact 
of the declining price of crude oil during the recession of the 
1980S. Buoyant oil and export increases during the 1970s 
favoured Algeria's terms of trade position. The net barter term 
of trade increased by 10.11 per annum from 1967 to 1984. Income 
terms of trade increased as well, by the same amount. However, this 
favourable position in the foreign trade sector was not 
sufficient to raise the necessary foreign exchange needed to 
finance investment projects. 
The external debt increased rapidly from 14.6Z out of GDP in 
1967 to 41.2Z in 1977 and from 62.7Z in 1967 to 127.4Z in 1977 out of 
total export. The debt servicing ratio also increased rapidly 
(see Appendix A for more data). The adjustment policy of the 
1980-1984 Plan reduced the debt on the economy by further increasing 
the_ debt repayment. Although this 1980-. 1984 adjustment policy 
improved the balance of payments equilibrium it might also have been 
capable of generating a recession in the economy because it was 
mainly achieved by a decrease in the pace of industrialisation and 
used the revenues generated during the second oil price rise to 
reduce the debt burden. 
r3.4.81 Consumption and personal income 
The priority given to investment led to a consistent reduction of 
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the consumption GDP ratio which declined from 62.2Z in 1963 to 441 in 
1984. Per capita consumption growth was 3.8Z p. a compared to 4.2Z 
i, p. a in per capita disposable personal income. High inflation and 
shortages of consumer goods pushed the average propensity to save 
upward from 7.71 in 1963 to 15.6Z in 1980 with an average growth 
rate of 5.9Z. The pattern of inflation in the consumer market also 
affected consumer demand. The share of food declined between 1963 
and 1969 from 57.3Z to 45.7Z. However, the price of food 
increased faster than consumer price inflation, and also pushed 
upward the food share to 55.7Z in 1984 at the expense of service 
consumption. which declined from 22.7Z to 12.6Z in 1980. This shift 
was facilitated by " the shift in personal income composition. 
The share of wages increased from 50Z to 63.42 between 1963 and 
1984 and the share'of transfers declined from 19.1Z to 11.8Z for the 
same period. - This process might have increased the f ood share 
because lower income 'earners tend to spe*nd' proportionally more on 
food. 
r3-4-91 The financial system 
The financial system of less developed countries is usually 
simple and reflects ý the 'degree of low income generation in the 
economy. The 'Algerian economy is no exception. However, its 
central planning and oil exports have created some differences. Oil 
revenue is'ýa %; ital source of sustained economic growth, and its 
fluctuationhas d- ir I ect repercussions on the real side of the economy 
and on 'monetary aggregates. The over-full -employment policy of 
central planning had a'direct impact on the money supply and budget 
balance. First've discuss trends in 'the 'balance budget -and its 
finance, and then examine the money supply dynamics. 
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The aggregate effective tax rate(23) increased from 16.41 in 1963 
to 38.4Z in 1977 and then declined to 34.7Z in 1984. This increase 
in taxation was only possible due to a massive increase in oil income 
taxes and royalties. The other various effective tax rates are 
well below 10Z except the non-wage income tax. The non-oil direct 
tax rates were low because most wages were near the tax allowance, 
and the profits tax is also low due to the fact that most large 
scale public corporation need a long maturity period to 
generate taxable profits. Overall, the tax structure was dominated 
by the oil tax which averaged 41Z, and indirect taxes which amounted 
to 28Z. Income tax contributed only 17Z. This revenue structure was 
not sufficient to generate the income needed to meet growing 
goverment expenditure. The budget balance increased by 20.22 on 
average, and therefore the public sector debt relative to GDP 
incresed from 1. OZ in . 1963 to 14.91 in 1984. This. public sector 
expenditure is divided into expenditure on goods and services, and 
investment expenditure. The latter includes final investment 
expenditure on the economic and social infastructure, and planned 
investment of productive public sector corporations. Infrastructure 
investment is financed from fiscal revenue, whereas planned 
investment is financed from budget surplus and funds mobilised 
by the Treasury from financial institutions and in the international 
financial market-. The flow of funds diagram for this operation is 
given in Benissad (1980) and Labidi (1982). ,- 
The monetary -system in Algeria is simple as is the case in most 
centrally planned economies, although its organisation is noticeably 
different. This stemi from the existence of primary deposit banks, a 
Central Bank, the Treasury and a development bank. The potential 
holder of Treasury bonds are insurance companies, pension houses and 
a single building society. Asset holding is mostly for transaction 
purposes because the productive sector" surplus is low and most 
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personal savings are held in cash. Time deposits and interest 
bearing assets constitute only 5-5Z on average of broad money stock. 
The interest rate is very low and fixed and has only an accounting 
role. The public sector borrowing requirement drive the money 
supply creation as the Central Bank contribution to it is high. 
Nominal money suppiy growth was higher than nominal income, and 
the money velocity -therefore decreased from 3.22 in 1963 to 1.37 in 
1984. The money multiplier was stable and fluctuated at around a 
mean of 2.5, but high powered money increased rapidly. The Algerian 
monetary policy then is conditioned by fiscal policy and any money 
supply control affects considerably the real side of the economy 
through the budget balance constraint. 
13.51 Conclusion 
This chapter offered a detailed study of the main elements that 
shape the Algerian 'macroeconomic -system. and the workings of the 
country's macroeconomic policy. -A detailed assessment of Algeria's 
macroeconomic 'performance between 1963 and 1984 is also 'included 
which was used to provide information for the specification 'and 
policy analysis detailed in subsequent chapters. Starting with a 
brief historical review, the study of underdevelopment in Algeria 
revealed that historically industry has been weak, cash crop 
agriculture has been developed, and deep economic and social dualisms 
have existed. Tlie'production 'system was distorted and sparse and was 
dominated by final primary trade dependent production activities. 
A framework for understanding Algeria's macroeconomic system'and 
policy after 'independence was presented in this chapter. It showed 
that development policy, I central planning and -oil revenue are the 
main elements affecting the Algerian macroeconomy. Hacroeconomic 
policy was characterised by the achievement of high non-agricultural 
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economic growth, but its extensiveness, inefficient central planning 
management, and total reliance on oil revenue as the major source of 
finance created many economic problems. Such imbalances paved the way 
for the reformulation of the country's macroeconomic policy in 1980. 
The reforms introduced led to a contrasting macroeconomic policy: 
industrialisation priorities were reversed, the planning system was 
modified, and a greater proportion of oil revenue was allocated to 
consumption and debt repayments. However, the decline of the price of 
oil since 1982 has disrupted the pace of reforms and forced the 
economy into recession. 
The chapter included a detailed performance analysis of the 
Algerian macroeconomic system. Using five input-output tables, the 
four way classification of the production system revealed that 
industrialisation impacted more on intermediate manufacturing, 
whereas final manufacturing's value added share was constant, casting 
doubts on the success of the lindustrialising industries' strategy. 
Non agricultural output growth was generally high, however, though 
agricultural output growth was disappointing. Capital utilisation and 
labour productivity were low and a total factor productivity (TFP) 
analysis supported this claim. TFP estimates show that most of the 
growth in output was accounted for by growth in real capital input. 
Historically, unemployment has been high in Algeria, due 
principally to the war of liberation. As growth intensified during 
the sample period, however, the unemployment rate declined 
continuously, though it still remains high. Inflation between 1963 
and 1984 was mild, but a substantial proportion of price increases is 
not reflected in the data relating to prices due to tight price 
planning. Inflationary pressures are further indicated by the CPEs 
syndrome: repressed and hidden inflation. The overfull employment 
Policy created a situation of excess demand in the consumer market. 
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Exports are dominated by the hydrocarbon sector, which provides the 
bulk of foreign exchange and government revenue. The extensiveness of 
Algeria's industrialisation programme meant that further financial 
resources were needed to finance the balance of payments. This is 
reflected in the sharp increase in the country's external debt which, 
in the main, is longrterm and used to finance investment projects and 
not current goverment consumption. Finally, the Algerian monetary 
system is not sophisticated. and marginal use is made of interest 
rates and fixed exchange rates. The monetary base is mainly driven by 
the fiscal needs of the government. 
78 
Chapter Four 
Specification of the Model 
14.11 Introduction 
In this chapter we present an analysis of the 
specification procedures followed in choosing the equations of the 
model, and present their theoretical basis as well as their 
relevance to the Algerian economy. our major, concern here is to 
demarcate between the range of models available in the literature 
and those relevant to Algeria, both, on a pr1orl and empirical 
grounds. only the aggregate general form of the econometric model 
which is used as the , basis f or estimating the equations is 
discussed. Sectoral details and the 'actual equations estimated 
and incorporated in -the final version of the model will be 
discussed in the -next chapter together with their relevant 
statistical, properties. 
r4-21 Modelline strateRv 
- It was pointed out in Chapter Two that there is a systematic 
lack of empirical work on the Algerian economy. Faced with this 
severe constraint our modelling strategy was to develop equations 
using an extensive specification search- based on theoretical and 
statistical criteria. In some cases, only ad-hoc formulations were 
possible due'to the lack of proper data, such as sales and stocks 
data which explain-variations in inventory investment, or the failure 
of well known formulations to1it the data properly, resulting in the 
wrong sign or insignificant coefficients. " - 
The specification strategy consisted essentially of the 
following steps. First the decision as to which variables were to be 
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made endogenous; in other words a decision on model size. This 
decision was generally based on the importance of the variable in 
explaining macroeconomic activity in Algeria and in shedding 
light on policy related issues. Data availability was also an 
important constraint, because without a consistent database on 
macroeconomic variables a theoretical model could not be 
translated into an empirical model. 
The model size did not present a severe problem, because 
aggregate macroeconomic models are fairly standard in their global 
structure. However data availability and our objectives in analysing 
the Algerian economy did impose bounds on the degree of sector 
disaggregation in the model. -In respect to the model size, we did not 
impose a pr1orl a rigid limit on the number of the equations. The 
size of the model was- acheived progressively during the process of 
modelling every sector, taking into accounts the objectives of the 
thesis, data availability, and the quality of the equations being 
developed. However, as a rule, we opted for enough detail to permit 
sufficient -empirical understanding of the Algerian economic 
structure and the macroeconomic policy process. -However, the 
available macroeconomic data was mostly, used to develop the empirical 
model. 
Second, the final version of. any equation judged to be acceptable 
was arrived at after, some interaction-, between applied. economics,,., 
evidence on the structure of the Algerian economy, -and the expected 
behaviour of economic agents. Ideally this process would be combined 
in a flexible general approach that embeded the competing theories 
and models that explain a particular economic activity, such as 
personal consumption., According to this modelling approach the 
dynamic- structure of - every equation is determined empirically. The 
final equation wouid then be obtained by a sequential testing 
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procedure using fairly stringent diagnostic tests in order to obtain 
a theoretically palusible and parsimonious representation of the 
phenomenon under study. In our case a strict, application of this 
methodology was not possible due to a severe lack of degrees of 
freedom. This procedure is also difficult to apply fully to a 
macromodel of this size given the resources available. However, a 
'half way, solution was adopted. This consisted of postulating 
different formulations on a separate basis with different lag 
structures, up to a maximum of four periods. These equations were 
then subjected to a thorough testing procedure using Hendry's (1986) 
PC-GIVE. The final equation was then chosen on the basis of passing 
the maximum number of tests; on its theoretical consistency, and in 
accordance with evidence on the Algerian economy. 
Finally, some decisions were made without prior experimentation 
because of the lack of data, or to- keep the model size manageable. No 
attempt was made to disaggregate the economy into a private sector 
and public sector. This decision was based, on, the fact that private 
sector investment was minimal over the time period considered and 
adequate data was unavailable to carry out this formulation. The 
output and price sectors were not formulated in terms of input-output 
analysis because this would have increased the size of the model 
considerably and would make its management more difficult. In 
addition, this would necessitate an extensive data set, at the 
sectoral, level. The financial flows in the economy was not treated 
in detail, because of the lack of data; the simplicity of the 
Algerian financial system and the relative neglect of- the use of 
financial policy tools in macroeconomic mangement. 
The status of -Algeria as a 
CPE raises the issue of economteric 
modelling in the presence of excess demand and disequilibrium and 
the role of the market and central planning in resources allocation. 
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If disequilibrium between demand and supply prevails, the 
conventional demand equations would tend be biased because the data 
is generated from a supply curve. The direction and magnitude of 
the bias in the case of the consumer demand equation is indicated in 
Portes and Winter (1980). In this case such relations should be 
estimated using disequilibrium estimation techniques. As the 
objective of this thesis is not to investigate the degree of 
disequilibrium in the economy (although its importance is 
acknowledged), the model was developed within the conventional 
income- expenditure framework. Supply factors were generally 
incorporated into demand equations by assuming that reduced form 
equations were generated by the interaction of both demand and 
supply. The role 'of central planning was especially incorporated 
in the investment equations. This approach is regarded as being more 
relevant to the macroeconomic analysis of the Algerian economy 
because one could readily u6e the model to analyse broad 
macroeconomic developments in Algeria, whilst at the same time it 
is possible to incorporate the central planning and supply side 
effects as required. A full disiquilibrium approach was beyond the 
scope of this thesis. 
r4.31 Aggregate cons=tion 
Aggregate consumption is the most important single component of 
final demand, averaging 52 1 of nominal GDP over the period 
1963-1984. Therefore, planners need to be able to comprehend the 
determinants of private consumer behaviour and to quantify the impact 
of key policy variables on this sector. 
It was decided to estimate per capita consumption activity 
only at the aggregate level due to the lack of data. In fact 
consumption in the national accounts data is estimated as a residual 
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(balancing , item) beween total output at market values and GDP. 
However, from the various data sources and the budget surveys of 1967 
and 1980 consumption data was disaggregated into three 
categories (food, - manufactures, and sevices). Preliminary 
regressions based on personal disposable income and relative 
prices proved to be unsatisfactory. Our simple interpolations of the 
data seemed to destroy sample variability. More detailed data on 
consumption categories is probably needed to produce stable 
estimates at a disaggregate level. 
The consumption function is probably the most developed 
relationship in applied econometrics and is well rooted in 
economic theory. Mostýof the equations proposed in the literature 
are variants of the Keynesian absolute income hypothesis based 
on different dynamic patterns (e. g. habit persistence, error 
correction mechanisms,, etc. )ý, or different definitions of personal 
income- (permanent- -income hypothesis, 'l. ife cycle theory, etc. ). 
These equations were developed in order to obtain more stable 
parameter estimates and to overcome problems of misspecification 
arising from omitted variables such as wealth and liquid assets, 
and from an inappropriate choice of dynamic structure for the 
equations. 
The main purpose of this section-- is the selection of a 
consumption function, to be used in explaining consumption 
behaviour. To this end we formulated ý twelve competing consumption 
functions. The full results are given in Laabas and Wilson 
(1987). This -scanning strategy enabled us to isolate consumption 
functions that would- adequately explain the , behaviour of the 
consumers. By, a process of elimination only five 'equations were 
acceptable on theoretical and statistical grounds. The equations 
accepted were all variants of the Keynesian absolute income 
83 
hypothesis which could be nested in the following modelt 
Ct - bo + blYdt + b2Ydt-1 + b3AYdt + b4Lt + b5Lt-1 
+ b6Ct-1 + ut 
[4.1a] 
where Ct, Ydt, -Lt, - are real per capita consumer expenditure, real per 
capita disposable personal income, and real per capita cash holding 
of the population, respectively. All the variables were deflated by 
the consumer price index Pct. Based on the single equation RMSE 
criterion, Zellener's (1957) version appeared to perform best, but 
the implied marginal propensity to consume was low. The next best 
equations were the Brown (1952) habit persistence hypothesis and the 
Houthakker, and Taylor (1970) equations. They performed equally well. 
'with approximately the same MPC,, however Houthakker and Taylor's 
specification was chosen because it performed 'better in system 
simulation. Therefore the estimated equation chosen was: 
Ct- bo + b2ydt-1 + b3AYdt-1 + b6Ct-1 + ut 
[4.1b] 
The resultsi-from this equation- are discussed in the next 
chapter. -In selecting, the best equation one -has to test for some 
features of the Algerian economy related to the consumer market and 
to allow , for -them if possible. Two particular problems have been 
discussed extensively in the literature on the consumption function 
in LDCs and are also relevant to CPEs such as Algeria. The first 
concerns differences between the pattern of consumption within a 
given country, - reflecting ! dualism'; and the second relates to the 
effects of industrialisation, and rural- to urban-migration on the 
average propensity to consume (APC)(1) 
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One 'response to the first problem has been to use conventional 
consumption analysis, but to ' estimate separate equations for the 
rural and urban sectors. An alternative, has been to follow Kaldor 
(1960) and to distinguish between different income categories. The 
former approach was not possible to implement given the lack of data 
on consumption and income available for the rural and urban sectors. 
The latter approach was considered - in our preliminary investigation 
but, was discarded on the basis of its implausibility and lack of 
sensible estimates, of the marginal propensities to consume. Further 
details, are given in Laabas and Wilson (1987). 
The need to allow for the effects of changesin unemployment on 
the average propensity to - consume (APC) is also important in LDCs 
(whether centrally planned or not which have experienced 
significant industrialisation and rural to urban migration. The shift 
associated, in resources from the rural to urban sector are bound to 
influence the pattern of personal disposable income in as much as 
the share - of , labour incomes rises, and unemployment declines 
secularly. One would expect in this case a fall in the apc over 
time. An example of a model -which includes an allowance for 
unemployment is that-of Modigliani and Tarantelli (1975), which use a 
lif e cycle framework, applied to ý Italian data. - The unemployment 
effect on per -capita real consumption, in the case of Algeria was 
significant, but , the coef icient - size was - very small, suggesting 
little impact on consumption. 
r4-41 lnvestmentýeciuations 
,, In Chapter Three, we discussed the importance of. -investment and 
capital accumulation in the Algerian development strategy. We argued 
that investment, 
-particularly -, 
in --industry, was regarded as the 
driving force which would achieve high growth and full employment in 
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the economy. Therefore, planners allocated a high proportion of GDP 
to investment (on average 32Z in nominal terms between 1963 and 
1984), and favoured investment in manufacturing and hydrocarbon 
(52.5Z between 1963-1984), sometimes at the expense of 
agriculture and social infrastructure. 
In this section "we are interested in modelling investment 
expenditure and examining the forces that explain real ex post 
investment (realised investment), in a framework that combines both 
the planners actions to allocate investment, and the principles of 
investment theory which are based on market forces and the absorption 
capacity of the economy. Henceforth, the objective of this section 
is to develop empirical investment equations that explain the dynamic 
relationship betweený planned(2) and ex post investment, as well as 
factors that explain the deviation of-the planned investment from 
realised investment. 
After a long specificication search, we found that the best 
approach'-, to'' investment modelling for Algeria is to exploit the 
dynamic relationship between ex post real investment and planned ex 
ante real -investment. Following equations were augmented by many 
variables that are suggested in investment, - theory and capture the 
market, absorptive-capacity. ThisýWuld in turn explain the deviation 
between realised and planned investment (see appendix A. 1 for data). 
The investment equations we developed are based on a large set 
of ýregressors selected on the basis of economic - theory and the 
pecularities -of planned investment' expenditure. Every sectoral 
investment expenditure in real terms it was explained by a 
distributed -polynomial' lag (PDL) on planned real investment (jet), 
real output (Qt), real net capital stock (Kt), -: relative investment 
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deflator to GDP price deflator (Pjt/Pyt), and a dummy variable (D P) 
that reflects plan timing sequences(3), output, gap (Q*t), the ratio 
of planned investment to actual public investment lagged one period 
(je/jp)t_,: 
Ln(li)t ao + Ea, jLu(Qi)t-j + 2a2sLn(Ki)t-s 
+ la3hLU(PI/P 7 )t_h + a4Dpt 
+ 2a5nLn(Q*i)t-n + a6ln(leiljpi)t_l 
+ B(L)LU(je Dt 
+ 2a7kLn(Ii)t-k + ut 
[4.2] 
0 
B(L) is the vector of PDL parameters. The subscript i identifies the 
sector of interest. Six investment equations were estimated(4). The 
exact form of every equation and the parameter estimates are 
presented in Chapter Five. The model above does not treat supply 
and demand for, investment separately, but.. it -could be regarded as a 
reduced form equation combining supply and demand factors in the same 
framework. Planned investment (jeit) represents the supply side, and 
is treated as exogenous in the model. The demand for investment would 
be captured . by the level - of, activity in each sector, especially 
capacity utilisation, (Q*it), output (Qit*), and capital stock (Kit). 
Cost elements that determine ý demand are silmmarised only by relative 
prices (Pjtlpyt). The ratio of planned to actual public investment 
lagged one period (je/jp)it. was included, in. order to capture the. 
effects of the preceeding period disequilibri= between, investment 
demand and supply vhichý forces current period investment to be 
adjusted according to the amount of disequilibrium. 
, The investment equations [4-21 nests many theories consistent with 
investment, models., The class of flexible accelerator models of Koyck 
(1954) could be obtained by imposing zero, restrictions on, all-, of the 
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parameters except output, capital and the lagged dependent variable. 
This formulation is usually regarded' as compatible with planning 
models and could form the basis of an empirical investment model in 
Algeria. However regression estimates of the accelerator models were 
poor when applied to the Algerian data. 
The restrictions on the flexible accelerator model were relaxed in 
the neo-classical, model of Jorgenson (1963)'* Substitution between 
factors 'was introduced by assuming either Cobb-Douglas or CES 
production function. The desired capital stock is determined from 
the equilibrium condition of discounted profit maximisation, 
therefore the user cost of capital enters'the capital demand equation 
explicitly'. However as far as the Algerian economy is concerned 
these models are restrictive by virtue of the assumptions of perfect 
competition ' and profit maximisation. These are unlikely to hold as 
far as investment expenditure -in Algeria is concerned. In fact the 
ef f ects , of the user cost of capital proved to' be difficult to 
establish even for the MDC macroeconomic model . These criticisms 
are, valid for all investment theories which are based on profit 
maximisationo Moreover, neoclassical investment theory could not be 
tested for Algerian investment 'data beacuse of a lack of proper 
estimates on the user cost of capital.. However the -relative price 
index of investment to GDP price'-deflator "(PI/P y)t was taken as a 
proxy for the cost of capital. ' This regressor did not show any 
significant effect throughout the'specification'process, therefore it 
was dropped -from -almost all equations as a potential explanatory 
variable. 
Endogenous 'investment equations explained by- planned investment 
(as in our model), were developed by Hewett (1979) and Simon (1980) 
for Hungary, Burkett (1982) for Yugoslavia, and Straudyner (1976) for 
Poland. 'Charemza etý al (1986) developed a '-'CPE- disequilibrium 
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investment model based on the plan bargaining process, where firms 
investment demand exceeds central plan supply of investment finance. 
In Algeria the data appendix A. 1 shows that in most cases sectors 
were not able to absorb the investment amounts allocated to them by 
the plan. Therefore one could assume that an excess supply of 
investment persisted during the sample period. , 
Investment is in general regarded as adjustment of actual to 
desired capital stock. In most empirical investment equations the 
adjustment ý process is captured by superimposing a lag scheme on the 
investment equations. A major issue in. investment modelling is the 
specification of -the adjustment pattern that reflects a -convolution 
of decisions, gestation, expectational and informational delays. 
Green (1978) argues that in CPEs one is confronted with a different 
lag in the the capital process. This lag is far more technologically 
determined than the expenditure preparation -lag in ý MDCs. The 
inadequacy of the geometric -lag has led to numerous attempts to 
approximate the time profile of the output and relative prices lag 
using alternative lag structures- For the purposes of this study, it 
was found that the-PDL of Almon (1965) enhanced the explanatory power 
of the investment equations. However, 
_, 
the lack of degrees of freedom 
meant that it was not possible to fit a PDL to all regressors, but 
only on planned real investment. This was also adopted in order to 
unravel the dynamic relationship between actual and planned 
investment so that quantitative estimate of-- the -investment backlog 
could be established. 
In the event of the existence of considerable rationing in the 
financial market, and- a strong , interest- rate ceiling, credit 
availabililty would constrain investment and should be added as an 
explanatory variable. For, Algeria, credit availability heavily 
constrains private sector investment. But, as we indicated above, 
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this investment is minimal and is not treated separately. For public 
investment, which accounts for most investment, planned public 
investment is used as the main explanatory variable, and is 
determined every year in the budget. The planned investment finance 
is raised as credits by the Treasury and the banking system. 
Therefore in these circumstances itýis acceptable to regard planned 
investment as a proxy for credit availability. 
Stock building or inventory investment is the most volatile 
component of GDP. In explaining the determination of the level of 
inventory,,. investment, 
.- -frequent use 
is made of the acclerator 
principle -and partial stock adjustment hypothesis. A comprehensive 
survey is provided by Rowley and Trivedi (1975). The formulation of 
stocký behaviour in terms of -sales and output, interest rates and 
inflation, lies behind most- of stock building equations. In our 
study real -inventory investment-, (ISt)_ is mainly related to real 
output (Yt) , real imports (Mt), inventory to output prices ratio 
(Pst/Pyt) and dummy variables. 
Ln(IS)t- aO + la, jLu(Y)t_j + la21Ln(M)t-i 
+ 2a3kIU(Ps/Py)t-k 
+, a4D74 +, a5D76 + 2a6hLn(IS)t-h + ut 
[4.3] 
The severe lack of data on the process of inventory 
investment,, : ý-especially stocks and- sales of, goods and 
quantitative measures of shortages, make-any inventory investment 
explanation only tentative. Yt is included, to capture the effects 
of the economic activity. level, the lag pattern is designed to 
capture the effects Of output expectations reflecting the strength 
of market demand. Mt affects inventory stocks-greatly because a 
considerable proportion of goods are imports, either for further 
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processing or for 'final consumption. Theref ore the supply of 
imports would affect stocks levels in periods of shortages. Strong 
swings in inventories are captured by dummy variable D74 which 
correspond to the oil embargo imposed by the Organisation of Arabic 
Petroleum Exporting Countries during the 1973 war. The D76 dummy 
variable account for a strong inventory swing which resulted from 
bad weather conditions. 
r4.51-Trade equations 
-, Economic theory postulates relatively simple analytical forms 
for imports and exports which are widely accepted by 
econometricians and used as representations of foreign trade in 
macroeconometric models (see Khan (1974) and Rittenberg (1986) for 
an - application to a sample of LDCs). The issues of export 
competitiveness and import openess are thought to be empirical 
questions that are best captured by a proper specification of the 
dynamics of the equations. 
- Export amd import components are explained by relative prices 
(or costs) and the relevant activity variables. However there are 
some modifications 'that ought - to be taken into account when 
modelling the trade flows components of an LDC such as Algeria. 
Import demand Mt is a function of the level of domestic economic 
activity Yt, generally represented by GDP in real terms. Imports are 
also a function of the ratio of -import prices expressed in 
domestic terms Pmt to home prices Pyt. The variable Zt is a vector 
of other variables usually included to capture the effects of 
specific factors such as the capacity - to import and import 
restrictiveness,, tariffs, and -exchange rate effects, and trend and 
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use of the exchange rate et and the tariff rate rt. 
Pmt - Pvtet(l + rt) 
Exchange rate volatility effects are captured using different 
variability measures, such as the standard deviation of the monthly 
exchange rate ý during each year. In Algeria the effects of the 
exchange rate are minimised because the exchange rate is fixed and is 
not used to regulate imports and exports. 
Import equations should also be adjusted for policy 
restrictiveness practiced by policy makers in order to regulate 
imports. Policy restrictiveness could be represented by 
quantitative restriction variables based on the export capacity to 
import, real foreign reserves deflated by import unit values, and 
dummy variables. In the case of Algeria, we found that the domestic 
price of oil (Pot*et) captured these ' restrictions better than 
the above mentioned indices. The main reason is that the price of 
oil represent 'the planners attitude 'toward the severity of the 
balance of payments problems. Therefore, if the price of oil is 
high'# the" planners aI re likley to relax import restrictions, 
especially on consumer goods. On top of the oil price we constructed 
some dummy variables that capture negativ .e growth in real import 
categories, assuming such- decline was caused by planners' trade 
adjustment policies. 
The ý-relevant activity variable Yt differs for every import 
category. For' example food' imports are deieriiined'by agricultural 
output, imports of capital goods by' investment, consumer goods 
imports by total consumption', and so on. 
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Export demand Xt in real terms is assumed to depend on a 
foreign activity variable Qwt (world trade or world income) and a 
competitiveness term, usually either the relative domestic to 
foreign prices ratio in domestic terms (Px/Rw*e)t or the relative 
unit labour cost ULCt. 
Ln(X)t - bo + 5'bliLn(Px/P, 4*e)t_i + lb2jLr, (Qw)t_j 
+ 2b3kLu(D)t-k + lb4sLu(X)t-s + ut 
[4.5] 
The vector Dt represents supply side effects on exports such as 
0 utput growth and capacity utilisation because exports are not 
always determined by world demand, especially where capacity 
utilisation and supply effects could be sustantial. Therefore a 
capacity utilisation index and a variable for output supply should 
be added to reflect supply "restriction on exports. 
Exports by LDCs to MDCs tend to be of largely primary products. 
These are associated with price instability and subsequent adverse 
effects on the economy. Exports f rom Algeria are highly 
concentrated primary commodities (hydrocarbons). Therefore oil price 
fluctuations and oil windfalls have an important impact on the 
macroeconomy as was indicated in Chapter Three. The price of oil is 
a major factor that determines the conduct -of policy. Oil 
price volatility' arising from exports, indirectly. affects import 
capacity and the balance of payments. This also largely determines 
the external' debt of the country. The competitiveness of 
Algerian 'exports is not a major issue in export modelling, because 
the price of oil iIs mainly determined by exogenous factors that 
relate to ' 'the oil'market and OPEC price policy. Therefore, it is 
treated as exogenous in the model, but' its impact on the economy is 
important. The I price of oil is a determinant of hydrocarbon 
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exports. World demand for hydrocarbons was proxied by the share of 
oil and gas consumption out of total world energy consumption. 
The exports of agricultural product (mostly wine and citrus products) 
was explained by world agricultural output, domestic agriculture 
output, relative prices, and dummy variables to represent the decline 
in this category. 
As Algerian-exports are mainly hydrocarbons (mostly crude oil and 
natural gas), there is a need to explain exports at the commodity 
level. However the lack of data, especially on gas prices 
prevented us from modelling these commodities separately. On the 
other hand we endogenised agricultural exports in order to measure 
the impact of policy reforms on the revival of this sector. Imports 
were disaggregated into food, intermediate goods, capital goods, 
and consumer goods. The services sector was not incorporated because 
it is a very heterogeneous category that could not be explained 
by aggregate macroeconomic variables. . This disaggregation was 
necessary in order to obtain different elasticiies for prices and 
incomes as well as to facilitate policy analysis, since these 
categories behave quite differently. 
We followed the above approach by postulating a 
log-linear constant elasticity formulation. In the import equations 
we used different eipenditure variables (i. e. consumption for food 
imports, and investment for capital goods imports). The equations . 
were augmented by supply constraints (output) and time trends as well 
as dummies. The final equations were in fact selected following a 
long specification search. The same approach was followed for the 
export equations. Exports of hydrocarbons were mainly explained by 
world energy mix (hydrocarbon to total energy), output supply, and 
relative prices as well as dummies. Exports of agricultural goods 
was modelled along similar lines. 
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r4.61 Output equations 
Modelling supply in macroeconomic models is achieved either 
by including input-output tables that convert expenditure into output 
of industries (Preston, 1975) or equally by regressing output in 
real terms 'on expenditure categories. Although this method 
explains the supply of output, the assumption of a demand 
determined system still holds because output is determined by 
the vector of final expenditure. 
An alternative approach is to use production functions. This 
approach is used in the new classical equilibrium macroeconimic 
models that emphasise supply side factors and in nearly all the CPE 
models. The attractiveness of this approach lies in its 'ability 
to transmit the effects of capital accumulation on output growth, 
to provide elasticity estimates of capital and labour, and to 
explain the substitution between these factors. Production 
function estimates are the starting point in postulating decision 
rules (or equations) which govern employment and hours worked, 
the purchasing of physical equipment, pricing decisions, and the 
output decision. The drawbacks of the method, are that it 
requires estimates of capital stock and hours worked. In addition 
the narrow formulation of the production functions give little room 
for the modeller -to adjust the equations, apart from adding dummy 
variables and a trend. 
As the model we postulated is a medium term annual model, 
supply side modelling is crucial in determining the structural 
parameters that reflect the 'production and accumulation 
process. Furthermore. it is an important. tool in the 
investigation of growth policy, especially the impact of policy 
packages on growth, unemployment, inflation, etc. The first 
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step is to disaggregate sectoral output in order to permit a 
better understanding of sectoral differences in substituion 
and technological patterns. This disaggregation will also help in 
the formulation of policies since the main instrument in CPEs 
such as Algeria is to manipulate the level of planned investment 
and its sectoral composition. 
The drawbacks of production functions estimates are well 
known(5). These are increased if the estimates ref er to 
macroeconomic data. Therefore sector disaggregation will help to 
decrease aggregation bias. multicollinearity, and data measurment 
problems. --' Consistent data series for output, employment and 
investment were collected and compiled for six sectors. The 
difficulties in measuring capital stock in LDCs in general are 
discussed in the next chapter in the section covering data problems, 
together with some discussion of the methods used to measure 
capital stock. 'Further, there are no data on hours worked, 
so employment was measured in terms of the number of employees. 
The-production function chosen was the Cobb-Douglas: 
ai + ctiLn(KjL)t + PiLn(Ei)t + ariTt + JiDim + Uit 
(4.61 
where Qi, is sector i real output, Ki its real net capital stock, and 
Ei employment' level. The time trend Tt coefficient 61 captures 
productivity and technical shifts in the production level. The 
non-linear direct estimation of the CES proved to be difficult and 
no stable estimates were found vorthy'of report. On the other hand 
CES estimation from the marginal productivity condition was 
acceptable, but the conditions of market competitiveness and profit 
maximisation are very strong to postulate- for a CPE such as 'Algeria. 
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The Cobb-Douglas functions were estimated assuming constant returns 
to scale, which was. imposed and tested for. The plausibility of 
these estimates led us to choose this formulation as the basis of our 
output explanation. Under perfect competition and profit 
maximisation the production functions parameters (ai, fli) would be 
equal to income shares. In fact comparing these estimates with 
average income shares for the same periods would give some 
impression of the market distortions in labour and capital markets. 
14-71 Eml)lovment equations 
Algerian macroeconomic policy has aimed consistently at reducing 
unemployment and achieving full employment in the economy, 
mainly by capacity creation and capital accumulation in industry. 
I 
This process . was complemented by a programme of education and 
training of the labour force in order to increase the skilled labour 
needed, for the expansion of industry and technological advance. In 
this , section we develop sectoral employment equations that combine 
with labour, supply to explain the behaviour of the aggregate 
unemployment rate. 
Data limitations prevented the testing in the empirical employment 
model of two important features that affect the, labour market in 
the -Algerian, economy. Planned employment figures could not 
be 
compiled into a time series because they -ýare usually available only 
as planned growth rates for the period of the plan. The use of trend 
levels of employment as a proxy proved to I 
be highly collinear with 
actual levels of employment. These were discarded in order to reduce 
multi collinearity problems., Therefore the, actions of planners on 
the levels of employment could not be incorporated. 
,: The second data limitation problem concerns the highly segmented 
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labour market, usually f ound in LDCs. Data on skilled employment 
and, vacancies are not available. Therefore the shortages of 
skilled labour especially in industry could not be incorporated in 
the labour demand equations as in the microeonomic approach of 
Muellbauer and Winter (1980). This point is important in explaining 
employment demand because the industrial i sation model in Algeria, 
which is largely based on capital intensive technology in 
manufacturing compared to local skills, constitute a severe 
constraint on job creation. The status of employment in 
agriculture also needs precise data because of the presence of high 
under-employment and the impacts of agricultural reforms 
experienced by this sector. This makes it very difficult to 
explain employment-levels in agriculture. 
Employment (Et) was disaggregated into five sectors, which 
corresponds to the same level of dissagregation as output and 
investment. The only difference, is that hydrocarbon employment, 
which does not exceeds 2.5Z of total employment, was aggregated with 
manufacturing - employment, because no sensible econometric 
relationship was obtained for'hydrocarbon employment. 
Employment demand equations in the literature on large scale 
macroeconomic models have generally involved output as the main 
explanatory variable and assumed employment equal to labour demand. 
This ignores labour supply and assumes- that labour supply is 
perfectly elastic with respect to employment levels. The early 
approach of employment modelling consisted simply 'of inverting 
production functions or reestimating labour requirement, equations. 
See Kuh (1965), and McCarthy '' (1975) ý for a detailed analysis. The 
neoclassical approach which is based on profit maximisation argues 
that'only the wage rate effects-employment levels (See Hinford (1983) 
and Smith and Holly (1985)). If the production function includes 
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more inputs other than labour and capital, such as in the XLEM 
-Capital, Labour, Energy, Materials- of Klein (1983b), input 
relative prices enter the employment equations (see Beenstock 
(1985)). These factor inputs are also included in the employment 
equations if the interrelated factor approach of Nadiri and Rosen 
(1969) is used. Cost minimisation models of employment are also based 
on expected output and relative prices (see Henry and Wren-Lewis 
(1986)). 
The employment equations estimated in Chapter Five are based on 
the econometric model which combines most of the variables which 
are thought to affect employment. The final form was 
obtained after an extensive specification search in order to 
determine the extent of the dynamic adjustment. The actual number 
of employees (Et) was assumed to be a function of real output, Qt, 
net real capital stock (Kt), and the wage rate (Wt). The equations 
were augmented by dummy Variables (Dmt) and trend variable (Tt): 
LrL(E)t - ao + la,, Lu(Q)t_, + 2a2jLn(K)t-j 
+ 2a3hLU(T4)t-h + 2a4DMt + a5Tt 
+ la6, Lzl(E)t-, 
14.7] 
- output (Qt) captures the impact of. sectoral activity on sectoral 
employment. However the lack of data on hours worked could distort 
the relation between output and employment because hours could be 
adjusted to changes in different level of -output demand. On the 
other hand the dynamic pattern assumed in (Qt) could detect shifts 
in employment levels due to higher output demand. If we follow the 
conventional wisdom about CPEs and assume that the goods market is in 
permanent excess ;, demand as in conway and Gelb (1984), employment 
demand would follow only the real wage, rate, and other factors would 
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f ollow real prices, because there is no binding sales 
constraints (Layard and Nickel, 1985). 
The capital stock (Kt) impact on employment demand in 
Algeria should be important because the bulk of job creation has been 
due to new capacity creation, especially between 1967 and 1980. 
The capital stock data was not adjusted for capacity utilisation as 
in Evans (1969), because employment levels do not follow swings 
in capacity utilisation. The level of capacity utilisation is 
partially independent of the strength of market demand on goods, 
because the technological and organisational factors determine 
capacity utilisation even in the situation of excess demand. 
Therefore, installed capacity, not actual capacity used would 
determine employment. 
The sectoral wage rate (Wt) represents the cost of hiring 
labour, given the demand for output. This variable was included in 
the original model" t: o 'test the necolassical theory of employment 
demand which is based on-profit maximisation first order conditions. 
This specification leads to the addition of the wage rate as an 
explanatory variable. The sign of the wage rate' in the employment 
equation is, not known. If it is positive it is interpreted as 
expenditure effects, if-. negative it represents cost effects. A co=on 
problem of this- specification, is that Wt is usually insignificant 
(Wallis et -al, 1986). 
The lagged dependent variable (Et_n) was included in the model 
in order to-capture costs in the desired levels of 
employment, due to the presence of costs in hiring labour. However 
labour hoardin& observed in times of a decrease in firms demand 
suggests that labour adjustment downward is slower than adjustment 
upward. -- However these problems are thought. to be solved by 
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including a flexible dynamic pattern, involving more then one lagged 
dependent variable in order to capture the adjustment process. 
. It is interesting to note that employment demand equations could 
have been formulated simply by inverting the estimated production 
function equations (Kuh, 1965), and interpreting them as labour 
requirement. This process of production function inversion has 
some drawbacks. First, as the production function is static, the 
resulting labour requirement equation is static as well. Also the 
elasticities obtained from employment requirement equations tend 
to be higher than production function elasticities (McCarthy, 1975) 
whichý suggests that there is a difference between output and 
employment decisions by firms. Therefore, the interpretation of the 
employment -output relationship as an inverse of the production 
function must somewhere involve a serious specification error 
(Griliches, 1968). 
Second, the elimination of output determination by employment 
normalisation in the production function, which makes output 
exogenous, destroys some of the valuable structure of the model, 
specially as regards the -policy transmission mechanism. For 
example, investment policy would- not be reflected on growth, 
therefore the second round effect would be lost on imports, - exports, 
inventories, etc. The multipilier effect between output and 
employment would 'also ýbe'lost. Therefore it is better to keep the 
production functions and develop behavioural employment equations. 
A trend variable (Tt) was, added to pick up growth in 
productivity due to. technical progress. This attempts to detect 
shifts in the growth of technical progress underlying labour 
productivity by the use of a linear trend. It was argued in Chapter 
Three that growth in employment was usually higher than that of 
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output growth which resulted in a net decline in labour productivity. 
Therefore the sign of a5 would identify this process. 
r4-81 The wage equation 
We indicated in Chapter Three, that unlike most CPEs there was no 
stringent wage planning in Algeria between 1963 and 1984. Planners 
prefered to manipulate the legal minimum wage rate as the main policy 
variable ýto influence wage rates in the economy. Government policy 
has been to reduce income disparities among different groups of the 
population, and to adjust wages in the- economy in line with price 
increases. Given the high investment and industrialisation profile, 
coupled with severe shortages in skilled manpower, there were upward 
pressures on wages and widespread distortions of the wage structure 
(Benachenhou, 1973). 
The data on wage rates indicates wide differences between sectors 
for the same -skills. between private and -public sectors, the civil 
service, and public companies. Therefore the ideal wage model 
approach would be to develop equations for these wage categories in 
an incomes policy framework. In' this sub-model, manufacturing wage 
rates and guaranteed minimum wage rate -would be pivotal. 
Unfortuantely, limited data availability did not permit such a 
modelling exercise. After some initial trials we decided to explain 
the aggregate nominal wage rate using a simple Phillips (1958) curve 
modified to accommodate income policies '. 
The estimated version of the wage equation was based on the 
following fom: 
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Ln(W)t - ao + laliLu(U)t_i + la2jLn(Pc)t-j + a3W*t 
+ a4D72t + a5D78t + NkIlnOT)t-k 
[4.8] 
The nominal wage rate (Wt) was estimated in level terms because 
wage inflation equations were not stable due a small sample size and 
volatile wage inflation. The dynamic structure was adopted to reflect 
wage rate adjustment to price inflation captured by Pct and 
unemployment rate Unt. The guaranteed minimum wage (W*t) 
represents the main policy variable for implementing wage 
policy and should alleviate wage rate pressures emanating from price 
inflation and demand pressures. D72t and D78t are dummy variables 
that capture the wage increase in civil service wages in 1974 and 
1978. This equation is basically a disequilibrium function that 
relates changes in wage rates to excess demand 'in the labour market 
and to expected prices. The Phillips curve implies that lower wage 
inflation has to be traded -off ' against higher unemployment. 
The policy-, implications of this -formulation are discussed in 
Hadjimatheou and Arestis (1982). 
ýý Much --of the---empirical work -on wage equations is based on 
expectation-augmented Phillips (1958) curves. However, the role of 
unions in setting - wages is, well , acknowledged in applied wage 
formulations -- (Nickell, 1982). Downward wage stickiness led 
researchers to postulate a simple- wage resistence model (Sargan, 
1964). Neoclassical economists view the Phillips curve as an 
observed correlation between wages and - the levelý of economic 
activity with no'behavioural or structural content ý. (Lucas, 1969). 
Wage equations -of this vintage exclude -demand pressures, in the 
labour market, and regard nominal-wages as being driven by price and 
output expectations (Hinford'and Brech (1979)). There also is a 
stress on the supply factors that determine'the level of the natural 
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rate of unemployment, such as direct taxes, benefit levels and 
demographic aspects of the population (Beenstock et: al 1985). A 
contrasting approach is based on neo-Keynesian ideas where the 
labour market is regarded in disequilibrium in the short run with a 
sluggish wage rate. Labour market equations are then estimated using 
a disequilibrium technique (Rosen and Quandt, 1978). 
Given the above competing theories, reduced form 
formulations of wage equations tend to be similar in practice, using 
four groups of variables (see Michael and Urwin (1986)), and could 
be nested in one flexible formulation with the exception of 
disequilibrium models (Wallis er al (1985)). The first set of 
factors captures the effect of the demand for labour, such as 
employment capital, state of techniques, 'relative factor prices, 
and output demand. Second, factors which affect labour supply, 
such as demographic growth, voluntary unemployment; and the match 
between skills and geographical location and between unemployed and 
vacancies available. Third, factors that reduce the real net 
consumption wage and if successfully resisted will lead to increases 
in wage rates, e. g. income tax. Fourth, institutional factors such 
as trade union power, and incomes policy instruments. 
Therefore some a prIorl background for wage determination in 
Algeria must be laid out. First, the simplicity of the labour 
market organisation excludes many explanatory variables. Wage 
bargaining and union" power is almost non-existant in wag Ie 
determination, even though the' 'socialist management of public 
entreprises law' adopted in 1976, gave some say to unions. However, 
this system was not fully implemented outside the manufacturing 
sector 'and in essence it does not provide the framework of a 
union that aims at maximising employees revenue. There is no 
data on union strengh, such as the percentage of labour unionised, 
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and strikes are not recorded. However, the presence of minimum 
'wages in the equation is assumed to capture the shifts in the wage 
rate emanating from policy makers who are aware of trade- unions 
pressures. Second, variables such as income tax rates, and the 
levels of benefits could not be used for the simple fact that there 
are no social security payments for the unemployed and personal 
taxes are relevant only in modelling earnings ( take home pay) which 
represent the supply price of labour. Obviously more refined 
wage rate data are needed in order to test more elaborate wage 
models. On the other hand the impact of direct taxes on consumption 
is included in the model through the personal disposable income 
identity. Third, although we used unemployment as a measure of 
demand pressure in-. the labour market, its effect should be 
interpreted carefully, because of the presence of minimum wage 
regulation and the highly segmented labour market. The impact 
of labour supply, employment, capital, and output, are all 
transmitted indirectly through the unemployment rate. 
The wage equation we developed captures many factors that affect 
the wage rate in the Algerian economy. It is essentially a vintage 
Phillips curve, with labour market pressures captured by the level 
of the unemployment rate. Given the strong regulation of 
wages in the economy, this should be reflected in the size of the 
unemployment rate elasticity and the lagged pattern of this 
variables. Price expectations are captured by the lagged effect of 
the consumer,, price index Pct. Expectations are only represented by 
an adaptive scheme, because of wage stickiness- in response to 
inflation. Incomes policy is captured by the minimium wage W*t 
and two dummy variables. The estimated version of 'the above 
equation is given in Chapter Five. 
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14.91 Price equations 
, It is known that planners in CPEs use direct price fixing rules to 
control inflation, especially that emanating from chronic excess 
demand in the goods and factor markets. This strategy is 
believed to generate disequilibrium in the economy because prices 
do not clear markets. The consequence is another kind of inflation 
known as hidden and* repressed inflation (see Nutti (1986) for a 
complete survey). Hidden inflation is simply non official price 
increase usually applied in the secondary or black market 
economy. Despite strong price controls, this kind of inflation is 
difficult to measure and follows a non uniform pattern usually 
associated with shortages. See Ali-Toudert (1982) for some 
examples. -Repressed inflation is not associated with direct price 
increases, but rather with the amount of excess demand in the 
economy due to the absence of flexible prices that clear markets. 
This amount of excess'demand represents repressed inflation in the 
economy. For further details on consumer excess demand and patterns 
of repressed inflation in Algeria zsee Conway and Gelb (1984), 
Standerast (1987) and Laabas and Wilson (1987). 
r 
Despite the existence of hidden and repressed inflation, open 
inflation in the 'Algerian economy during the sample period was 
substantial. This process fits in with, the view that 
inflation in - ý', CPEs - accelerates in 'times of rapid 
industrialisation (Nutti (1986)). In this section we attempt 
a, detailed analysis, of the determinants of Algerian inflation. 
Unfortunately many of the potential factors that might cause 
inflation in Algeria (see Chapter Three) could not be tested due to 
data shortages. -However, the empirical model derived below is based 
on a flexible formulation that allows the testing of a wide range 
Of inflation theories, which are estimated in Chapter Five. 
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Price equations provide a link between nominal and real variables 
in the model. The n=ber of price equations included in the model 
corresponds to the level of supply (output) and expenditure 
dissaggregation. In all, there are eleven behavioural price 
equations. The six output price deflators are explained on the 
basis of a cost mark up approach. The five expenditure price 
deflators are mainly-explained by the output deflators. However, 
the effects of demand pressure and world inflation are 
incorporated in the equations. The effects of monetary impulses were 
confined only to the consumer price index and the wage-price 
spiral was not found to have strong effects. There is a feedback 
between expenditure and output deflators. Most of these factors 
were included in a flexible formulation which is explained below. 
There are two major price blocks in macromodels (see Klein 
(1983a) for a discussion). First, the implicit deflators (Pit) for 
output originating from sectors. These are modelled as behavioural 
equations on the assumption' that firms set prices as a mark up over 
factor prices. The price- response to these cost measures are in turn 
assumed to occur over time. The sectoral output deflators (Pit) are 
explained by various costs and excess demand in the product market. 
Price setting of output is generally studied in the framework of a 
constant or variable mark up over unit costs of production (see 
Medhur and Roy (1986) Hagger (1977)). For the Algerian' economy, the 
assumption of' price -setting on the basis of cost mark up could be 
regarded as consistent with the process of price planning, because 
planners usually resist inflation pressures from excess demand, but 
allow for prices to adjust to the dynamics of costs. ' However, the 
process of adjustment could be slow and not instantaneous. Production 
costs include unit labour costs (ULC)t for every sector, and the 
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costs of imports. The total import price deflator (Pmt) was used as a 
proxy for sectoral import prices due to data shortages. The 
inter-industry intermediate use price deflators (Pjit) which measure 
the cost of inputs used in the process of production were derived 
from input-output technical coefficients and the sectoral output 
deflators. Further technical details are provided in data appendix 
B. A rise in one sector price deflator, would be transmitted to other 
sectors proportionatp to the amount of the output used as an input 
in the other sectors. 
Ln(Pi)t " ao + Ea, jLn(Pm)t_j + la2sLu(PIi)t-8 
+ 2ý31In(ULCDt-l + la4kI-ln(Q*i)t-k 
+ a5Dt + 2a6eLn(Pi)t-e + ut 
[4.91 
Apart - from cost elements, the price deflators usually 
respond to the pressure of demand in the product market, which 
measures -the demand conditions facing the f irm. Pressure of 
demand could, be strong due to the inelasticity of supply (output) on 
one hand, and excess demand in the product market on the other. 
Pressure of demand is captured by the non-linear term 
capacity utilisation'-(Q*t), which is calculated as the ratio between 
actual real output and trend real output. The ratio is scaled 
to 100 in 1974. Other methods of estimating capacity utilisation, 
or the output gap (potential output) did not perform well in 
estimation. The output gap was estimated as the value that would 
occur at the natural rate of unemployment of 4Z (Artus (1977)) using 
the production functions parmeters and peak to peak interpolation 
Klein, and Preston (1967)). Technical details are given in data 
appendix B. 
The capacity utilisation variables remove the dichotomy between 
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prices and output and include a Phillips curve type trade-off 
which is more consistent with the structure of LDCs (abundent 
labour relative to capital). Capacity utilisation is usually 
thought to reflect pressures of a constrained output from the 
demand side. In LDCs it is rather an indicator of supply 
bottlenecks, one would expect an inverse relation between capacity 
utilisation and a mark up cost. 
The second set of prices represent implicit deflators of 
final demand categories (consumption, investment, inventory, imports, 
and exports). In fact the implicit deflator for any category 
of final demand is only a weighted average of the implicit 
deflators for value added for sectors that have contributed 
to producing the products, with weights determined by the proportion 
of the real output that the sector contributes ( Klein and Young 
(1980)). The immense data problems associated with calculating the 
set of conversion weights, make the econometric estimation of 
expenditure deflator's attractive. This approach, also, helps to 
incoporate other factors-- that explain inflation in the expenditure 
deflators, 
Lu(Px)t - bo + Eb, zLn(]Pi)t_z + lb2hLn(Pm)t-h 
+ D3fLn(Q*)t-f + b4Dt + lb5sLn(BHO)t-s 
+ lb6rLU(Px)t-r + Ut 
14.10] 
. t) 
are formulated in dynamic The set of expenditure deflators' (Px 
equations that are based principally on output deflators (Pit). 
The*parameters bli represent the estimated conversion weights of 
the output contribution to expenditure. The expenditure deflators 
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deviate from the output deflator (Pit) because of the effects (PX 
of import prices (Pmt) which work differently due to the 
difference in the proportions of imported goods in every category; 
and also due to the differences in the degrees of subsidies. The 
output gap (Q*t), in this case would reflect the effect of 
pressure of demand, if the sign of b3f is greater than zero. The 
impacts of money balances (BMOt) was tested in every equation, 
but we found no evidence of a monetary impact on inflation, except 
in, the case of the consumer price index (Pct), where excess money 
supply spills over into prices. The lagged dependent 
variables , in all price equations, are included to capture the 
adjustment of prices to their desired (planned) levels. 
The adjustment process in the price equations is very important 
because prices are sticky and adjust only slowly to variations in 
demand pressures and cost in production (Hicks, 1965, Okun, 1981 and, 
Nordhaus 1971). This is usually attributed to the existence of 
adjustment costs. Firms do not alter prices to temporary shocks, 
which might be caused by labour hoarding and output- forecasting 
miscalculations, but practice administered prices. Therefore lags are 
important in price adjustment. Another reason for sticky prices is 
the, fact that market structure is not competitive, as is the case in 
Algeria due to high market concetration. (See Bouzidi (1984a) for 
some examples). 
r4-101 Government sector 
Fiscal policy'is the kingpin in determining, the total level of 
investment in a-development plan. It has greater importance in LDCs 
because -goverment revenue heavily, constrains public expenditure. 
This explains the high level of deficit finance of the public sector 
borrowing requirement (PSBR). LDCs tax yields are comparatively low 
ill 
due to factors such as exemption, low monetization, tax evasion, and 
inefficiency of the* tax system. Their tax systems tend to rely 
heavily on indirect taxes and foreign trade taxes, as well as on 
royalties derived from exporting natural resources. Therefore 
government revenue is prone to instability and inflation depending 
on the world price of primary products. For a discussion of the 
problems of taxation in LDCs see Sundrum (1985). The Algerian tax 
system fits these descriptions very well (see Benaissa (1985) for a 
technical description). 
The government sector consist of explaining the public sector 
borrowing requirement (PSBR). The finance side of PSBR is discussed 
in the next section; The basic equation is the budget balance which 
consist of expenditure and revenue. 
PSBRt - Gt - Tt 
The usual, practice is to regard expenditure (Gt) as exogenous, and 
revenue (Tt) as endogenous. The latter part of the budget is either 
explained by simple tax rules or a detailed analysis of the taxation 
system, where the-various rates and income scales are modelled 
endogenously. In the latter approach there is an attempt to 
incorporate explicitly into the personal tax equations the various 
tax allowances and - rates. Separate 
income categories are 
distinguished, -with different marginal tax rates. The tax parameters 
are usually imposed from fiscal sources. - 
The status of data availability in Algeria does not permit us to 
develop a, detailed specification of direct taxes. Also, this is 
Judged not to be necessary given the predominance of oil taxes in the 
government, revenue. However, it would have been more important to 
model in detail the system of oil revenue. This was not possible due 
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to data shortages. We found that the price of oil plays a central 
role in determining not only oil revenues but it does affect other 
tax categories as well, because in times of oil price buoyancy, 
policy makers need not increase tax rates, given the relatively soft 
budget constraint. 
Ln(T)t ao + laliLn(Y*Py)t-i + 2a2jALn(P, )t-j 
+ la3, AdIm(Po*e)t-, + d4Dft 
+ a5Ln(T/Y)t_l + 2a6hLn(T)t-h + et 
(4 " 11] 
The estimated parameters (aO, al) are regarded as policy variables. 
This is convenient in interpreting the parameter on income as the 
marginal tax rate ( in log form it would be the tax elasticity). 
Further, policy simulations regarding taxes are manipulated easily by 
conducting parametric simulation. In this regression formulation 
institutional changes in the tax system are captured by the inclusion 
of dummy variables Df. Taxes are not independent of income, by law 
they vary with it and many other special factors according to the 
whole schedule of income taxes. The tax laws apply, however to 
individuals in a complicated non-linear way. In the aggregate, it is 
assumed that there is a simple smooth relation between taxes and 
income. 'However, the parameters are adjusted when there is a tax law 
change. - Large inflationary movements and other changes in income 
distribution by' tax bracket can affect the parameters of the 
tax equation. Tax equations are expressed-in nominal terms, the form 
in which statutory regulations are customarily written. 
Expenditure was considered. as exogenous in the model. This 
decision was adopted in order to manipulate expenditure as a policy 
variable in simulation experiments. However it was not possible to 
disagregate expenditure between current outlays and government 
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transfers. Capital expenditure was considered as the sum of central 
invtestment expenditure and investment of public corporations. 
r4.111 Monetarv sector 
In this section we are solely interested in the empirical 
design and formulation of money transactions demand and the money 
supply- process. This enables us to determine the form of money 
demand equations and link the monetary sector to the real side 
of the model. The transmission mechanism and the supply of money 
will reflect the monetary policy embedded in this model which is 
believed to describe adequately the Algerian monetary policy. 
We argued in Chapter Three that monetary policy in Algeria during 
the sample period (1963-1984) assumed a passive role in providing 
payments facilities for a. centrally planned economy undergoing 
rapid growth and industrial i sa tion.. Monetary policy consists 
mainly of adjusting monetary flows to planned physical flows 
(Benissad, 1980). There is strong financial control in the economy. 
Credit is created chiefly by the project finance strategy 
(see Bouzidi, 1984a), in vhich-every project approved by the Ministry 
of Planning has to be financed by the development bank or primary 
banks according ý to ý the nature of investment. The additional 
resources are provided by the Treasury- and the Central Bank. The 
Treasury collects financial resources through oil revenues. 
deposits - of the personal sector in the postal cheques system, 
personal savings in the savings bank, Treasury bills, and investment 
bonds. -- The Central Bank credits to the Treasury constitute a 
major source of. the Treasury funds (see appendix A. 1). 
- ýThe instruments of monetary policy in Algeria are very limited, 
with the exception of credit control, which is determined by 
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public sector planned investment amounts. However, there is 
strong credit rationing in the private sector, for both producers 
and consumers. Interest rates are low and constant for long periods, 
therefore there is strong pegging of the interest rate. The personal 
sector has a strong preference for cash holding and a high cash 
hoarding proportion. This reflects the fact that in CPEs, with 
excess demand in consumer goods, the money balances and goods 
are gross substitutes under rationning. Excess demand in the market 
for consumer goods spills over into additional money holdings. 
This attitude persists as long as there is a strong shortage in 
consumer goods. There is no legal reserve ratio, and total 
reserves constitute only a small proportion of the monetary base 
(high powered money). 
Given the simple financial system of the Algerian economy, we 
decided to represent the money relationships by a money multiplier 
model (see for example Khan (1974b), SEACN. (1981), Coghlan (1983)). 
BHOt - mt . HBt- 
In, this. model, the money supply is derived in a familiar fashion 
from the stock of money (monetary base or the high powered money) 
(MBt) and the components of the money, multiplier mt although we have 
chosen to use broad money (BMOt) rather than narrow money, and to 
convert it into real terms via the GDP price deflator (Pyt). We also. 
disaggregated MBt into its constituent parts. 
More, specifically, BMOt is defined as the sum of real currency 
circulating outside ihe banks (Cdt), real demand deposits (Ddt), and 
real time 'and savings deposits held by the private sector with 
commercial banks (Tdt)- Money demand functions were modelled on the 
lines of a--dynamic version of the inverse velocity model of Hendry 
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(1985). The implied transmission mechanism is not strong and is 
limited in terms of transmission channels. 
The money demand equations f or LDCs, are probably the most 
investigated econometric relationship among the equations that 
make up a multi-equation model. For an extensive reference list see 
Coates and Khathake (1980) and also for a sample of studies of 
applied monetary analysis to LDCs. These aggregates are usually 
formulated as functions of income (or some measure of permanent 
income), interest rates, inflation expectations, and some other 
specific variables that reflect structural features of LDCs; such as 
the degree of monetization, financial dualisms and deepening and curb 
markets, and credit control; and time trend and dummies. We 
followed this approach in explaining the the broad money demand 
MOO in real terms. 
BHOt ' Cdt + Dt + Tdt 
The demand for money is estimated by three behavioural equations 
derived from the error correction mechanism of the inverse velocity 
model developed by Hendry (1985). 
mt-icpytyt(l + AP yt)ip (4.12a] 
In this model agents are assumed to hold money Mt in proportion 
(K) to their nominal incomes (Pt. Yt), but hold less as inflation 
APyt increases. Interest rates were dropped from the above equations 
because they are not relevant in the case of Algeria. Moreover 
there is no data available on the interest rates of the banking 
sector. In the short run there is a complicated lag structure 
between money, prices, and income which will be determined by the 
error correction model. in order to. avoid cumbersome mathematical 
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expression, we have used lower case letters to denote logs of 
corresponding capital and A to denote the first order differencing 
operator. 
A(m-p)t - a, + la2iAYt-i + la2jAPt-j + la3s(m-P-Y)t-a 
+ la4zA(M-P)t-z + ut 
(4.12b] 
This model produces the inverse velocity model in the long run, by 
solving the equation -assuming constant growth of prices Apt - fp. 
Lagged velocity (m-p-y) was introduced to capture in the short 
run, the feedback from previous disequilibria between money, 
prices and real income. 
The monetary base in nominal terms (MBt) consists of all sight 
liabilities of the Central Bank. That is total currency issue (CURt) 
plus -, reserves of the commercial banks (R-,. -). 
Currency held by the 
private sector was used instead of total currency issue because of 
lack of data. 
I MBt ' Cdt + Rt 
Hence, the broad money multiplier mt is 
mt 
Cd + Dd + Td] 
Cd +R 
The BHOt can be re-written as 
t 
Cd + Dd + Td J. HBt BHO C+R 
with the HBt viewed- as the assets of the Central Bank 
disaggregated into its various components, including net foreign 
assets of the Central - Bank (KFACB), net credit to goverment 
by the Central Bank (NCGCB), gross credit to the commercial banks by 
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the Central Bank (GCBCB), gross credit to the private sector 
(GCPS), and net other items (OIN). The Central Bank balance sheet 
(Cd + R) equals its assets: 
MBt - NFACBt + NCGCBt + GCBCBt + GCPSt + OINt 
Several monetary policy instruments can be seen working through the 
items on the right-hand-side of the above equation. Open market 
operations (NCGCB), rediscounting policy through GCBCB, and credit 
allocation to the private sector through GCPS. In Chapter Seven, 
these variables will be used to assess the impact of the 
monetary policy. 
In this monetary model, the assumption of exogenous monetary base 
(MBt) has a consequence f or the linking of the monetary equations 
to the rest of the financial model and to the real sector. 
Certainly, 
, 
the causality embedded in 'this sub-model runs from 
prices, through real income to money, because as discussed above the 
money in CPEs is assumed to adjust to nominal planned income. 
However there is some feedback from money to prices via the consumer 
price index. Therefore the transmission mechanism reflects 
monetarist. views, although only through prices, and not 
directly via expenditure as monetarists postulate. The absence of 
interest rates in--the model, means that the Keynesian 
transmission channel is excluded. 
J4.121 Conclusion 
The_ specification procedure employed in choosing the model's 
equations has been analysed in this chapter, concentrating on the 
equations, theoretical basis as well as their relevance to the 
Algerian, economy. The major concern has been to distinguish between 
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the range of models available in the literature and to determine 
their relevance to Algeria, both on an a priorl and on an empirical 
basis, but concentrating on the general aggregate form. 
The modelling strategy undertaken to develop the model was 
flexible and no a prIorl limit on model size and sectoral 
disaggregation was imposed. The modelling process was based on a 
%partial' general to simple strategy. Short-run dynamic behaviour was 
allowed to emerge from the estimated parameters. Specification of the 
model was not subjected to an a priorl view of the economy's long-run 
steady state behaviour, though the characteristics of the economy 
(i. e. within a developing, oil exporting nation in which central 
planning is implemented) were extensively used in the specification 
search process. The postulated equations could be regarded as being 
flexible enough to test many economic models on Algerian data. 
Moreover such flexibility helped to eliminate various aspects of 
misspecification. 
The consumption data generated five plausible equations based on 
different formulations regarding consumption and personal income. 
Preliminary specification search showed that the data decisively 
rejected the Kaldor formulation and the effect of unemployment was 
minimal. Real sectoral investment was assumed to depend on planned 
investment, and the deviation between ex post and planned investment 
was assumed to be explained by many variables that capture the impact 
of the market absorptive capacity. Foreign trade is represented by 
standard f ormulations based on demand, supply and relative prices and 
trade restrictions were assumed to be captured by dummies. Output was 
formulated using alternative production functions. Specification 
search revealed that the Cobb-Douglas function was the appropriate 
formulation. Employment equations were formulated using dynamic 
equations based on output, capital, wage rates and dummies. Planned 
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employment could not be conidered due to shortages of data and the 
standard practice of using trend variables as a proxy of planned 
amounts did not perform well due to high multicollinearity. 
The wage equation was represented by a simple Phillips curve, 
though adjusted for incomes policy. Expectation modelling was 
reflected simply by a lagged consumer price index. Price modelling 
was extensively used in the model. The main explanatory variables are 
the imports price index, unit labour costs, and the output gap as a 
measure of capacity utilisation. Expenditure prices were pivoted 
around output deflators. It is hoped that the long lag assumed in 
this sector will capture price stickiness caused by price planning. 
Public sector borrowing requirements were explained by exogenous 
expenditure and tax functions. The latter were based mainly on the 
tax base, inflation and price of oil. Monetary transactions in the 
economy were developed using a simple money multiplier model, 
featuring an endogenous multiplier and exogenous monetary base. The 
money demand equations1were assumed to follow, in, the short-run, a 
dynamic version of the inverse velocity model. 
Despite the fact that the estimated version of the model contains 
63 equations, the aggregated version presented in this chapter does 
capture the model's main features and it clearly covers all the major 
I 
economic activities in Algeria. The, degree of importance of evey 
explanatory variable, and the nature of the dynamic- adjustment, that 
the data supports, ate revealed in Chapter Five. 
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Chapter Five 
Estimation and Results 
r5-11 Introduction 
This chapter details the estimated equations of the model 
specified in Chapter Four. Only the final version of the equations 
are presented, together with the relevant statistics and tests. In 
this introductory section we discuss the various single equation 
diagnostic tests used in the model's specification. Data problems and 
the various compilations undertaken to obtain a database of almost 
200 variables on macroeconomic variables are described broadly, 
while details of data sources and methods are relegated to Appendix 
B. After reporting the results, an overall view of the results and of 
the model is outlined, including a flow diagram and the main 
parameter estimates necessary for an understanding of the policy 
reactions within the Algerian economy. -The last section of this 
chapter analyses the results of two stage least squares principal 
components (2SLS-PC) estimation method. 
A selection of diagnostic tests are reported for each of the 
individual equationsý included in the model. In a specification 
search, diagnostic test statistics represent a measure of 
inadequacy, and the search terminates when the equation appears to 
satisfy the various measures considered(l). An extensive. analysis of. 
such a diagnostic tests is given in Wallis et' al - (1986). As we 
estimated the model using PC-GIVE (1986), the various tests are 
included in the package, and are employed to select a model using a 
partial specification search. These tests are not included for the 
investment and output equations because they were estimated by 
polynomial distributed lags and restricted estimation respectively. 
These techniques are not supported by the package. 
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The results are shown for each equation in turn, together with a 
number of relevant statistics. R2 is the multiple correlation 
coefficient adjusted for degrees of freedom. F, is the F distribution 
statistics which tests whether the regression does in fact explain a 
significant proportion of the variation in the dependent varables. T 
is the sample period used in the estimation and k is the number of 
regressors included in each equation. a is the standard error of the 
equation expressed as a percentage of the mean of the dependent 
variable for comparison across equations. DW is the Durbin-Watson 
statistic for first order autocorrelation. h is the Durbin (1970) h 
test for first order autocorrelation in the presence of a lagged 
dependent variable. In cases where the specification search failed to 
produce equations with uncorrelated errors, these equations were 
re-estimated using first order autocorrelation technique. p is the 
first autoregressive parameter(2). t-ratios are shown in parentheses 
beneath each estimated coefficient. Unless indicated by a *, all 
coefficients are significant at the 52 level or better. 
, Predictive f ailure of the equations was tested by 
re-estimating the equations from 1963 to 1979, using 1980 to 1984 to 
compute forecasting and stability statistics. Of course such a 
test has two drawbacks, as far as our estimates are concerned. 
First, the available degrees of freedom reduce the power of the test. 
Second, the model as estimated (1963-1979) was not used in the 
simulation and multiplier analysis. However, stability of an 
equation is an important issue and this procedure shows how 
prone the equations are to predictive failure outside the sample. 
The forecast test used is the X2 5 test with 5 degrees of freedom. 
This test, presented in Harvey (1981), compares within and 
post-sample residual variances. The same period split was used 
to test for parameter stability using the Chow (1960) test statistic 
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F2, which is distributed as F test. This sample split for forecast 
and parameter stability, is important as the First Five Year Plan 
(1980- 1984) represented a different approach to that embodied in the 
plans of the 1970s. Furthermore, this period includes the decline in 
oil prices that began in 1982; the equations' stability and 
predictive ability therefore is very important. 
The dynamic structure of the error was tested for second order 
using theý F-test form of the Lagrange multiplier test F3. 
Hetroscedasticity of error was tested by employing the Engle 
(1982) F4 test for first order autoregressive conditional 
hetroscedasticity. The statistic F5 tests for the residuals being 
hetroscedastic due to omitting squares of the regressors. Functional 
form misspecification was- examined by White's (1980) test F6* 
Normality of the errors was tested by the Jarque and Bera (1980) 
X2 2 using third and the fourth moments of the residual distribution. 
In small samples, the normality assumption. is often violated owing 
to the presence of outliers. The normality test can therefore be 
interpreted as a goodness of fit test and helps to identify outliers 
and correct for their presence. F7 test the significance of imposing 
a linear constraints on the parameters of a specified equation. 
r5.21 Data twoblems 
,, The development of large econometric models requires, more than 
anything, else, a consistent database that gives a quantitative 
measurement-of economic activity in sufficient detail. Algeria is a 
newly - independent, developing state and data availability is 
strongly influenced by this fact. Macroeconomic data is available 
only on an annual basis, which reduces the sample size and imposes 
heavy restrictions on the modelling process, especially for dynamic 
specification and methods of estimation. Moreover, data are 
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available only from scattered sources with different aggregation 
levels and methods of measurement, which makes data collection and 
their compilation into a consistent database a difficult task, 
hindered by the possibility of large measurement errors. 
The sample data collected and compiled for this study, 
comprising 224 variables spanning the period 1963 to 1984, is 
reasonably good compared to the size and length of databases used in 
estimating many LDC macroeconomic models. The data collected are 
published in Laabas (1988), and a discussion of methods and means of 
database compilation is detailed in Appendix B of this thesis. 
The availability and quality of economic data should be 
judged at different levels according to the type of data being 
described. The national income and product (NIPA) data have three 
main components that are useful in constructing a macro e conometri c 
model: expenditure, output, and income, On the expenditure side, 
available data did not permit the'full treatment of demand activity 
in great detail. For example data concerning personal consumption 
expenditureý are available only at the aggregate level, and measured 
only, indirectly as a residual from the GDP accounting identities. 
, Investment data probably represent the biggest constraint to 
the understanding of macroeconomic activity in Algeria. Data are 
only available at the aggregate level and detailed data on 
investment are not pyoperly disaggregated between the public and 
private sectors. investment data are also not properly 
distinguished according to type of asset; consequently, housing and 
residential investment, for example, could -not be integrated 
into the model. A similar situation arises in-the case of the 
accumulation of productive assets. At the sectoral level, - investment 
data are presented only in the budget expenditure accounts, and 
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it is difficult to aggregate them into sectoral classifications 
(e. g. one digit industries) without making ad-hoc assumptions. In 
the case of inventory investment, no sensible theory regarding this 
type of investment could be tested because of a lack of data on 
stocks and sales of goods. 
Foreign trade data could be dissagregated at the commodity level 
(SITC), but there is a lack of proper price deflators. The 
export sector is particularly important to our model at a detailed 
level, but data are available mainly in volume for the different 
hydrocarbon categories, and there is also a lack of price data, 
especially regarding these hydrocarbon categories. 
-The supply side of the model deals with the determination 
of output, employment, and unemployment. Again, data availability 
and quality constrain the shape of any modelling process 
regarding this aspect of the economy. . 
The degree of sectoral 
disaggregation is heavily influenced by the availability of capital 
and employment data and under present circumstances, only one digit 
disaggregation is possible. Production functions are also difficult 
to estimate because they requires capital stock data which are also 
not available. On-, the employment side, no data exists on effective 
hours worked, therefore man-hour variables are replaced by the 
number of employees in, ýestimating production function parameters. 
Labour supply is very difficult -to estimate correctly in the absence 
of payments of benefits to the unemployed. The only sources of 
labour supply estimation are the population survey and other 
small-scale household surveys. Time series of the labour force are 
only derived from projections using., few sample points. Therefore, 
modelling the supply side of the model suffers-from data shortages, 
and many data compilations would be needed to data used in the 
estimation. 
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Data that represent national income are not available in enough 
detail to permit the modelling of national income distribution. 
Although wages represent a substantial proportion of national income, 
other sources of incomes are not available (e. g private sector 
income, income from interest and rent, transfers, etc). This 
militates against understanding of the effects of the country's 
policies on income distribution. 
. 
Perhaps the most puzzling f act about data availability in 
Algeria is the inadequacy of financial data, which are usually 
published by the Central Bank in other countries. In the case 
of Algeria, financial data consist only of broad money demand 
components and their counterparts. No detailed data exists 
regarding the various financial assets and liabilities which detail 
the balance sheet of different economic agents. It is therefore 
difficult to measure wealth, savings and other important economic 
variables which are usually used as explanatory variables in 
maroeconomic relationships. To su=srise, in Algeria there is no flow 
of funds data as described by Klein (1983a), though some financial 
data could be gathered from , International 
Financial Statistics 
(IFS) data on monetary survey and the country's-monetary base, as 
well as data on the balance of payments. This could, be complemented 
by the World Bank Debt Tables to obtain a more adequate picture of 
the, financial situation in Algeria. The lack of data on the public 
sector's balance sheet (i. e. PSBR), -and the 
balance sheet of the 
banking and . non-banking. 
financial sectors represent ,a serious 
deficiency as regards the integration of a well articulated financial 
sub-model to the macromodel. All monetary and balance of payments 
data used in the model were taken from the IMF Yearbook. 
., The., last categary, of data that help to 
build the database of a 
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macromodel relates to market and policy data. In this category are 
included all price indices of goods, services and factors. The 
policy variables include those that relate to national accounting 
and to the planning process which helps to regulate the economy. 
,- First, price indices are a very important part of the database 
because economic analysis assumes that decisions are made regarding 
real value not nominal variables (absence of money illusion). 
Prices are also very important explanatory variables in most 
economic theories. The price indices of goods and services in 
Algeria presented some problems, however, because they were not 
available for the whole sample period (1963-1984), and often the 
base year changes with the starting of . new Plan. The detailed 
process of price data compilation is given in appendix B. Wage rates 
could only be calculated by dividing total- wages by number of 
employee. The same-, approach was used for obtaining unit labour 
costs. The prices of financial assets (Le. interest rates) are 
not , available in time series form and are not published regularly. 
They were therefore not used in the model relationships. 
I ,, 
Second, - policy and planning variables are not recorded in the 
NIPA data because they usually-refer to -planned , quantities or 
planners' desired outcome-regarding specific macroeconomic variables 
(targets). In this respect data are in general scarce and the 
f igures available refer to whole planning periods (e. g. five. 
years), which makes their use in the context of a macroeconomic 
model very minimal. In the model we used planned sectoral 
investment as-the main determinant of investment. Given the weakness 
of the financial, data, as mentioned above, monetary and fiscal 
policies, are very difficult to assess because, of the lack of 
data,, on -them (e. g. required reserves, interest rates, credit 
rationing of the private sector, legal tax rates). The fiscal and 
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monetary equations developed in this model were highly influenced by 
data availability. 
To optimise the use of the data which were available to us when 
developing a macroeconomic model for Algeria, a flexible approach 
was adopted to compile a large database that would support the model 
(the actual process of data compilation is described in some detail 
in appendix B). Here we discuss the guidelines used to obtain 
consistent data. First, it was decided to optimise the length of the 
data- series in order to ease -the degrees of freedom constraint, 
permitting more lags and explanatory variables in one 
equation. This also helps in conducting simulation because, after 
allowing for lags and initial values, the sample periods would be 
shortened. This .. gain, is of course, to be weighted against 
decreased data accuracy because of the extensiveness of the 
compilations. Taking all these facts into account, the sample 
period used for the purpose of estimation was from 1963 to 1984. 
Second, given the multiciplicity of data sources which exists for the 
same sort of data, it was decided to use the Algerian data 
sources in preference to others, and to use updated publications in 
order to eliminate data revision, which is a common practice. Further 
details of the national accounting in Algeria could be found in 
Labidi (1981) and the various Ministry of Planning sources given in 
the data Appendix B. 
5.31 Consumvtion function 
As indicated in Section 14.3], the consumer model chosen for this 
research was that of Houthakker and Taylor (1970), which is a 
variant of a habit persistence model. This model postulates that a 
proper specification of the habit formation process requires both 
lagged consmuption Ct_j and lagged income Ydt as well as an income 
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change variable AYdt. All the variables are measured per capita and 
deflated by the cons=er price index. 
Ct - 0.253 + 0.312dYdt+ 0.556Ct-l+ 0.372Ydt-1 [5.11 
(0.665)* (2.929) (3.592) (3.136) 
R2.0.98 F1(3,17) - 378.25 DW-2.35 h-1.37 SE-4.19X 
F2[5,12]-0.49 X2 5-0-86 X2 2"0.97 F3[2.15]-0.65 
F4111161-0.02 F5[6,10]-0.28 F6[9,7]-0.37 
Apart from the insignificant constant term the model passes all the 
battery of tests. The short run MPC implied by the model is 0.37 
which is rather low because of the high adjustment coefficient 
associated with the lagged dependent variable which implies a partial 
adjustment mechanism. When this adjustment is allowed for, the long 
run MPC is-0.837 which was higher than the static MPC estimated from 
the Keynesian absolute income hypothesis (0.738). The income 
elasticity of the retained models was* in the vicinity of 0 .9 
indicating strong multiplier effect. 
r5-41 Investment"equations 
All the investment equations were estimated in real terms using 
the investment price deflator (Pjt) for both ex post investment 
(I. it) and planned, public investment, (Ieit) where I is the sector's 
subscript. The deviation between real public investment (IPit) and. -,,.. 
planned investment in real terms was lagged one period to reflect 
last period disequilibrium in investment expenditure. The relative 
investment price index to the GDP price deflator (Pjt/Pyt)t as a 
proxy for user cost of capital, was significant only in the 
construction sector. This, however, by no means represents a proper 
test of neoclassical investment theory. 'When a distributed lag was 
introduced on planned investment variables, the fit of the equations 
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improved greatly. All the variables were lagged four periods, which 
corresponds roughly to the average plan period, and a third order 
polynomial lag without restrictions on the tails bi(3, none) was 
preferred for all the equations. This similarity of dynamic 
pattern might simply be accidental, but it could just as well mean 
that planners had a uniform attitude to investment allocation in the 
different sectors irrespective of a particular sector's specific 
situation. 
In the agricultural investment (lat) equation, real output (Qat) 
in this sector has a significant negative coefficient which reflects 
the inefficiency of agricultural investment due to the fact that 
the high increase in real investment (15Z p. a ), was matched by low 
output growth (1Z p. a) over the sample period. This inefficiency 
was coupled with low investment absorption in the agricultural 
I 
sector. The deviation of planned investment from ex post public 
investment averaged 44Z of ex post public investment. 
Ln(Ia)t 0.298LU(Ka)t - 0.153Ln(Qa)t-l - 6.967Ln(Ie a/IPa)t-1 
(2.705) (2.207) (23.056) 
+ bajLzl( Je at) [5.2] 
R2-0.994 a-0.341 DW-2.56 Fl[17,71-533 
The polynomial lag parameters bj for all sectors are given in Table 
(4.1] together with their t-statistics. The sum of lag 
coefficients Jbij (J-0,4) would, give the proportion of planned 
investment phased-out into real assets over a period of four years 
and the difference (1 - 2bj) would indicate the investment backlog 
that would have to be carried into the next Plan. In this case the 
estimates of unrealised investment within a period of four years is 
231. 
130 
Investment in the manufacturing sector (Imt) displayed the same 
pattern as with agricultural investment except that the manufacturing 
output gap (Q*mt) replaced real manufacturing output. The positive 
sign attached to Q*mt indicates that the pressure of dernand in the 
manufacturing product market lead to an increase of investment, with 
an elasticity of a 0.5. The impact of the disequilibrium effect is 
greater here than iri agriculture. The capital stock in manufacture 
(ýmt) and Q*mt are insignificant, though they are retained in the 
equation because they helped to remove autocorrelation. 
Autoregressive estimation could not be carried out because of 
polynomial lag distribution technique used. 
Ln(Im)t - -2.685 + 0.150Ln(Y,, )t - 8.635(ln(le m Ilp m )t-l 
(1.899)* (1.994)* (25.81) 
+ 0.486Ln(Q*M)t + b,, jLn(je m )t [5.3] 
(1.784)* 
R2-0.99 a-0.31Z DW-2.211 FI[17,8]-893.563 
The ý investment backlog in the manufacturing sector (13Z) is lower 
than in agriculture because the deviation of planned investment from 
ex post investment (as a percentage of ex post: public investment) 
was 27.7Z between 1967 and 1984. 
Investment in the construction sector (Ict), showed a significant 
response to relative prices (PI/Py)t, and a dummy variable that 
reflects the timing of the planning process Dpt, and to real price 
construction output (Qct). According to the lag parameters, the 
investment backlog in this sector is quite considerable, amounting 
to 32Z, to be carried -to the next plan. 
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Ln(IC)t - 0.760Ln(Qc)t - 0.95lLn(PI/P y )t + 0.0497Dpt 
(3.139) (3.073) (3.268) 
- 8.443Ln(Iec/jpc)t_l + bcjLn(jec)t [5.4] 
(11.474) 
R2-0.9 a-0.767Z DW-2.471 Fl[18,8]-1219.018 
Investment in the construction sector has a significant relative 
price ratio which might only be a product of a statistical 
correlation; one therefore, does not assume it captures the user 
cost of capital effect, because it does not take into account the 
reality of project finance in a planned economy. On the other 
hand, relative prices could be regarded as a signal used by planners 
to adjust investment. 
Investment in the transport and communications sector (IT) had a 
small investment backlog (41) 
from actual public investment 
reason, the variables that exi 
absorption were insignificant, 
(Q * TO was retained in the 
as planned investment only deviated 
by a small amount (1.6Z). For this 
)lain, this discrepancy due to capacity 
however the output gap in this sector 
equation because it helped to remove 
error autocorrelation. 
LU(IT)t '-1.086 + 0.303Ln(Q*T)t - 6.116Ln(je TITPT)t-I 
(1.414)*-(1.535)* (9.722) 
(5.5] + bTjLn(le T)t 
R2-0-98 a-1.131 DW-2.40 Fl[17,7]- 298.83 
The pattern of the Almon lag here is quite different from the 
preceding sectors-because the second coefficient bT2 is considerably 
significant and the second 'and third parameters are negative. 
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Investment in the services sector (Ist) is explained simply by 
constant prices capital stock in this sector (Kst) and a dummy 
variable that describes the plan timing (Dpt) and the two 
variables which relate to deviation of planned from ex post 
investment, and planned investment. 
Ln(IS)t --1.144 + 0.204Ln(K, )t - 7.18OLri(: Ee, /Ip, )t_l 
(4.584) (2.196) (13.661) 
+ 0.0174Dpt + b, jLu(je, )t [5.6] 
(2.91) 
R2-0.91 a-0.348X DW-2.940 Fl[17,8]-1186.699 
The investment backlog implied from the lag structure is about 
12X of total planned investment to be carried on after the Plan 
is finished. This figure corresponds exactly to the average 
deviation of planned f rom ex post investment between 1967 and 
1984. This, figure was moderated*by increased'efforts to invest in 
the services sector since 1980 -(detailed figures are given in 
Appendix A. 1). 
Investment in - the hydrocarbon sector (Ih) was assumed to be 
explained by the price of oil (Pot) using the official exchange rate 
(et) to convert, it into domestic terms, together with planned 
investment and the disequilibrium between planned and realised 
investment. 
Lu(lh)t - 0.551 + 0.075Ln(Po*e)t - 8-340LU(jeýjjph)t_j 
(1.358)* (2.918) (18.596) 
+ bhjLrl(je h)t [5.7] 
R2-0.99 DW-2.304 a-0.509Z Fl[17,71-417.938' 
The investment backlog implied by the lag distribution is around 
133 
10.5Z to be carried over to the next planning period. Investment in 
this sector responds to changes in the price of oil expressed in 
domestic terms, and therefore the exchange rate also affects 
investment in this sector. This show that a cost-benefit analysis of 
hydrocarbon projects reflects international market conditions. 
Table 4.1 
bo bj 
Agriculture 0.83 0.05 
Manufacturing 0.91 0.00 
Construction 0.96 0.00 
Transport 0.81 0.19 
Services 0.91 0.09 
Hydrocarbon 0.90 0.08 
Investm 
b2 
-0.08 
-0.00 
-0.14 
-0.04 
-0.09 
-0.07 
ent lag coeff 
b3 b4 
0.02 -0.05 
0.03 -0.04 
-0.01 -0.15 
-0.03 0.03 
-0.00 -0.04 
0.03 -0.05 
icient 
lb 
0.77 
0.87 
0.67 
0.96 
0.87 
0.89 
(bij) 
t-stat 
9.8 
12.2 
6.7 
20.1 
9.7 
67.5 
Although the equations -concerning different sectoral real 
investment as listed above, appear to be similar in terms of dynamic 
pattern and the coefficients attached to the disequilibrium between 
planned and ex post investment, they nevertheless do give some 
information on sectoral investment. First, the main determinant 
of investment in this model- is planned public investment in every 
sector. Second, the disequilibrium between planned and ex post 
investment is also relevant in determining investment because of 
the low absorption 'capacity of the economy. Third, the type of 
distributed lag used improved the statistical fit of the equation 
greatly. The lag pattern reflects the dynamic relationship between 
ex post and planned public investment. 
Simplification of the general form of the inventory investment 
equation [4.3] produced the following parsimonious representation of 
constant prices inventory investment:, - 
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ISt - 7.896 + 1.9001n(Y)t - 1.60lLn(M)t_l 
(2.502) (3.031) (3.604) 
- 1.382Ln(P. /P, )t + 1.437D74 - 1.517D76 [598] 
(3.414) (4.648) (5.386) 
R2.0.88 a-3.422Z Fl[5,15]-31.55 DW-2.219 
1? 2[5,10]-0.31 X2 5-0.42 X2 2"0.21 F3[2,13]-0.27 
F411,14]-0.03 F518,6]-1.12 
The equation passes all the specification tests, and the estimated 
parameters sign conform to a priori expectations. The stocks are 
assumed to increasewith economic activity measured by real GDP, Yt, 
and negatively related to imports, which reflect the fact that 
imports fulfils the function of supplying the economy with goods that 
are mostly for accumulation and inputs for further processing. The 
relative prices (Ps/Py)t reflect the cost-benefit of holding stocks. 
The dummy variables capture the impacts of severe swings in inventory 
investment. 
r5.51 Trade equations 
Trade equations in this model are simple formulations of linear 
elasticity (Sections 4.3 and 4-4). where real trade flows are 
explained by income and relative prices. In the model all equations 
were deflated by the-import and export price deflator for imports and 
exports respectively. Quantitative restrictions on imports were 
captured by simple dummy variables because no data on import quotas 
were available. Other measures of such quantitative restrictions did 
not produce significant statistics(3). As the trade sector is 
sufficiently detailed the explanatory variables are different across 
trade equations, and the dynamic shape of the equations is also 
different, which gives different estimates of elasticities and 
different adjustment patterns. 
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The export of hydrocarbons in real terms (Xht) is explained by 
the -supply constrained export equation (output of the hydrocarbon 
sector in real terms Qht), and the price of oil in domestic terms 
(Pot*e t). World demand for hydrocarbons was represented by world 
consumption of oil and gas as a proportion of the world's total 
consumption of energy (WCGO/WCE). This variable is regarded as 
exogenous and reflects the strengh of hydrocarbons as a source of 
energy compared to other sources. Export prices relative to world 
prices. (in domestic terms) (Px/Pw*e)t were also found to be 
significant, although this should not be seen as reflecting exports, 
competitiveness because the price of oil is regulated by the OPEC's 
price policy. However it does reflect the fact that, as Algeria's 
position regarding terms of trade improves, the country's planners 
raise the export of hydrocarbons to increase the oil revenue. 
Ln(Xh)t - -2.612 + 1.05BLn(Px/Pw*e)t + 1.094Ln(Qh)t 
(1.385)* (15.232) (5.715) 
3.64lLn(WCGO/WCE)t + 0.857Ln(Po*e)t 
(5.455) 
- 0.079Tt (5.9] 
(5.819) 
R2,0.972 Fl[5,15]-142.835 DW-2.013 T-21 a-0.74Z 
F[5.1l]-0.43 X2 5' 1.96 F[2,13]-0.01 F[1,14]-0.34 
X2 2'1.17 -F[10,4]-l. 02 
All the elasticities implied from this model are near 1.0 except 
f or the consumption of oil and gas share. vhich produced a high 
elasticity of demand. The supply elasticity is much lower. which 
suggests --that exports of hydrocarbon cannot 
be, increased given world demand without increasing output capacity to 
meet that demand. The price of oil is included in the equation and 
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was significant. 
Exports of food and agricultural products (Xft) in real terms 
were "I explained in the same way as hydrocarbon exports. The main 
difference resides in the choice of proper variables that affect 
agricultural exports. It is difficult to model this category 
properly -because the main commodity exported is wine which is 
regulated by non-market changes, especially the past dispute with the 
French government(4) over wine exports to France which prompted the 
Algerian goverment to reduce viticulture activity, which in turn led 
to a sharp decline in agricultural exports. Nevertheless, these 
effects were captured by dummy variables that represent agricultural 
reform in 1971 and the two shocks of oil price in 1974 and 1979. 
-Lu(Xf)t 4.567 - 1.495Ln(Qwa*e)t + 1.9156Ln(Qa)t 
(0.671)* (3.445) (2.556) 
+ 0.538Ln(Pa/Pwa*e)t 0.763D74 - 0.923D79 
(2.324) (3.774) (3.773) 
0.379D71 (5.10] 
(1.957) 
R2.0.97 Fl[6,15]-165.32 DW-1.755 T-22 a- 3-74Z p-0.253 
F2[5,10]-2.35 X2 5-7.12 X2 2'Oo8l F4[1#14]-0.74 
F3[2,13]-3.22 F5[995]'lol5 
The relative price (Pa/Pwa*e)t was measured as the ratio of 
domestic agricultural price deflator pat to world agricultural prices 
Pwat converted into domestic prices. Its elasticity, although 
positive, is considerably lower than the elasticities implied from 
agricultural output (Qat) or the domestic value of world output of 
agricultural products (Qwat). The negative sign of the latter 
stems from restriction imposed by the EC (Algeria' main trading 
partner) on the country's agricultural exports. The dummy 
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variables all a display negative sign which is compatible with the 
secular decline of Algerian agricultural exports. 
The above equation displayed some predictive failure for the 
period 1980 to 1984, although it passed the stability test. The 
second order autocorrelation of the errors is only rejected 
marginally. All the trials to dynamise both export equations as a 
way to improve on the estimates failed and the equations 
performed better in their static form. 
The import, of food and agricultural products in real terms (Hft) 
was explained by a simple import demand equation. The supply effect 
was captured by real agricultural output (Qat) and the manufacturing 
output (Qmt). The coefficient of agricultural output is 
non-significant and i; as retained because, in reality, imports within 
this category depend very much on the outcome of agriculture 
(especially in cereal production for example, which is volatile due 
to weather conditions). The effect is captured with a lag of one 
year. Manufacturing output reacts positi vely on imports because part 
of the imports are used as inputs for further processing(5). The 
relative price term (Pm/P y )t is siginificant, but 
low in terms of 
magnitude. The positive sign. on relative prices indicates that this 
category of imports could be regarded as necessary goods, 
complementary 
Ito 
national production. The price of oil in domestic 
terms (Po*e)t captures the fact that as the price of oil increases 
controls on food imports are relaxed. 
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Ln(Mf)t - -6.112 + 0.627Ln(PM/Py)t - 0.332Ln(Qa)t-1 
(1.224) (3.354) (1.425) 
+ 0.432Ln(PO*e)t + 1.940Ln(Qm)t-2 - 0.152Tt 
(5.249) (2.608) (2.562) 
R2.0.995 Fl[5,14]-83.49 a-1.42Z DW-2.64 T-20 [5.11] 
F2[5,9]-0.3 X2 5'0.31 X2 2,0095 
F3[2,12]-4.6 1? 4[1,13]-0.26 F5[10.3]-0.17 
The dynamic pattern introduced in the equation above seems 
inadequate because of the presence of second order autocorrelation 
and because the lag of two periods seems quite long. However. given 
the large number of, criteria to be satisfied simultaneously, the 
implied pattern produced the best fit possible that satisfies the 
largest number of criteria. 
Imports of industrial inputs (Mjt), which constituted around a 
third of total imports, were explained by one period lagged relative 
prices (PM/Py)t-l and fixed prices manufacturing output (Qmt) and a 
dummy variable that reflects trade 'planning policy toward this 
imports category (DmI). 
Ln(MI)t 3.219 + 0.554Ln(P. /P, )t-l + 0.549Ln(OM)t 
(1.721)* (1.881) (2.262) 
+ 0.130AMI + 0.5089Ln(MI)t-l (5.12] 
(2.982) (2.531) 
RZ-0.957 Fl[4.16]-114.533 T-21 DW-1.857 h-0.234 a-l-. 56Z 
F2[5911]-0.62 X2 5-2.92 X22 0.64 F3[2,14]-2.71 
F4[l, i5]-0.26 F5[7,8]-0.41 F6[13,2]-0.26' 
The dynamics of the equation is captured by a partial adjustment 
mechanism. The elasticity of relative prices and output have 
the same magnitude and the positive coefficient attached to 
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relative prices indicates that this category is a complementary 
rather than a substitute for national production. 
The import of capital goods (Mkt) in real terms, also proved to 
be complementary, irl that such a good could not be substituted by 
national production. The elasticity of relative prices (Pm/P y )t is 
higher than for other categories, and the demand variable that 
performs best is the constant price total investment (It). 
Ln(Mk)t - -4.50 + 1.537LU(PM/Py)t + 0.463Ln(I)t 
(2.754) (5.45) (4.463) 
0.107Tt 
(9.441) 
[5.13] 
R2-0.964 0-1-851 Fl[3,15]-190.959 T-22 DW-1.092* p-0.254 
F2[5,13]-l. 50 X2 5-6.03 X2 2'0.65 F3[2,16]-3.66 
F4[1917]-0.38 -F5[6,11]-l. 5 F6[9,8]-l. 43 
Capital goods imports are dictated by the pace of capital 
accumulation in the economy. The dummy variable that represents 
import controls was insignificant and the dynamic form, attempted 
according to a general specification [4.4], was unsuccesful. 
Imports of consumer goods in real terms (Mct), which includes 
durables and non-durables(6), displayed different structural 
parameters because this category is heavily manipulated by the 
country's planners 
'according 
to the balance of payment situation. 
Imports within this category were high in the 1960s, then declined 
during the 1970s as planners relegated this category to the lowest 
priority. During the second price boom, such exports 
increased marginally, and stabilised at around 5Z 
- 
In this equation 
the decline is captured by a negative time trend Tt. Manufacturing 
output did not perform well as a supply constraint on consumer goods 
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imports. However the elasticity of consumer demand (Ct) is high, 
which reflects a pure demand import equation. The effect of the 
relative prices, although delayed by one period, is negative, which 
implies that an increase in import prices relative to domestic 
prices reduces consumer goods imports. This reflects the view of 
the planners who treat such goods as a luxury which should be 
imported only if a balance of payments surplus permits. 
Ln(Hc)t - 18.046 - 2.517Ln(Pm/Py)t-l + 4.149Ln(Ct) 
(4.900) (4.929) (5.347) 
- 0.317Tt + 0.109ýmc [5.14] 
(5.347) (1.980) 
R2.0.772 DW-1.98 F, 14,16]-17.93 o-3-25 T-21 
F2[5,11]-0.3 X2 5'1.20 X2 2"0*01 F3[2,14]-5.48 F4111151-0-09 
F5[7,8]-l. 10 F6[13,2]-0.37 
The import of services was treated as exogenous in the model 
simulation, even though the equation developed was acceptable 
on- empirical ' grounds. This decision was based entirely on model 
simulation performance. The two export equations and the four 
import equations make the trade balance entirely endogenous 
within the model. The implications of the various policies for 
Algeria's trade policy are therefore easily evaluated using 
simulation techniques. 
r5.61 OutiDut eauatiOUs 
Agricultural output in real terms (Qat) was fitted with a 
Cobb-Douglas production function with constant returns to scale which 
was easily accepted by the data. The parameters of this equation 
are difficult to interpret given the technological and structural 
differences between the public (self management and cooperatives) 
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and private sectors. 
Ln(Qa)t - 0.538 + 0.279Ln(Ka)t + 0.720Ln(La)t 
(4.676) (7.831) (20.172) 
V. 2.0.84 DW-1.985 o-0.76X T-18 F7[1,15]-0.842 [5.15] 
The time trend that measures technical change and shif ts in 
agricultural production was insignificant because of the low growth 
in this sector. Though the magnitude of the elasticities of labour 
and capital look plausible, it is difficult to test their accuracy 
because even income shares . 
do not accurately reflect income 
distribution in agricultural sector. The average wage share between 
1963 and 1984 was only 0.35, which is very different to the 
elasticity of labour (0.72), which could be interpreted as a 
parameter of income distribution if competitiveness and profit 
maximisation assumptions hold. The reason for this deviation 
between the two parameters is that wage earners in agriculture 
account for only a small proportion of income generated, while most 
non-wage income cannot be viewed as capital revenue because it 
is sometimes lower than the income of wage earners. In fact this 
dispersion reflects the degree of backwardness of agriculture and 
the high level of underemployment in this sector. 
Manufacturing output Qmt was fitted with the same function as was 
applied to the agricultural sector. However, the parameters of this 
function also display a large discrepancy in the wage share ratio. 
The reason for this" is different from that advanced for the 
agricultural sector. The difference might be caused among other 
factors by the measurement error in the data, especially in the 
capital series, which would hold true for the agricultural sector 
as well as for the other sectors. If it is accepted that the error of 
measurement is not so large(7), then the difference between labour 
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elasticity and average wage share would be explained by public sector 
income policy, which has been regarded as being successfull in 
forcing wages downward. The gap between wage share and labour 
estimated elasticity would therefore, measure the extent of the 
stringency of Algeria's incomes policy on the manufacturing sector 
(the average wage shgre of this sector was 0.5). 
L(Qm)t - 2.530 + 0.849Ln(l., )t + 0.150Ln(Km)t 
(16.284) (2.879) (10.154) 
R2.0.958 a-0.121 DW-0.350* p-0.005 F711tl9l - 1.076 
[5.16] 
Technical change is not measured in this equation because the 
production function estimates consistently deteriorated when the time 
trend was included in the equation. 
The estimate of labour elasticity for the construction sector, 
employing the Cobb-Douglas function with constant return to scale, 
was no different from the average wage share (0.536). The 
reason for this could be the fact that output is largely produced by 
private sector and the degree of market concentration is low, 
, which makes the construction sector relatively, competitve: 
Ln(Qc)t - 2.753 + 0.434Ln(KC)t + 0.566LU(LC)t - 0-194D74 
(9.145) (3.898) (5.088) (2.256) 
-0.058Tt [5.17] 
(5.416) 
R-0.961 DW-1.86 o-1.05Z F7[1.13]-7.186* 
In the above equation the time trend is negative which could be 
interpreted as a -decline in technical growth. The reason could be 
attributed to a high growth in investment (31Z p. a) compared to low 
output growth (10Z p. a) in this sector. Despite the fact that the 
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constant return assumption is marginally rejected by the F7 test, the 
equation is retained because alternatives produced abnormal 
coefficients. 
Estimation of the transport and communication sector equation 
produced an elasticity that approximated the labour share (0.561) for 
the average sample. 
Ln(QT)t - 1.489 + 0.638Ln(LT)t + 0.36lLn(KT)t [5.18] 
(6.417) (12.523) (7.076) 
R2-0.97 DW-0.703*- T-18 a-1.15X F7119151 ml*oo 
The services sector produced a high labour elasticity estimate 
because it includes sub-sectors in which wages account for most of 
the product (e. g. government and private services). The average wage 
share was 0.715 between 1963 and 1984. The constant return assumption 
was easily accepted by the data. The time trend was excluded because 
itýdeteriorated the equation's fit. 
Ln(Qs) - 1.738 + O. SOOLn(Ls) + 0.199Ln(Ks) (5-191 
(10.73) (16.311) (4.067) 
R2. (). 96 a-0.74Z DW-1.984 T-18 F7[1,151-0.291 
The hydrocarbon sector's output in real terms (Qht) proved not 
to follow the Cobb-Douglas production function. Labour input 
consistently produced a negative parameter. Estimates from the 
non-linear CES production function were infeasible because they 
corresponded to a local maximum of the likelihood function. The 
alternative was to fit a Leontief production function with 
capital as the constraining factor. The estimates of this 
equation performed better than did the Cobb-Douglas model. The 
negative dummies which capture the oil shocks are insignificant, 
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however they are retained in the equation because this helped to 
improve its forecasting ability. 
W(Qh)t - 4.399 + 0.523U(Kh)t - 0.163D74 - 0.117D79 
(6.086) (7.088) (1.717)* (1.603)* 
R2.0.89 "0.102Z Fl[3,18]-58.271 M2.23 [5.20] 
15.71"EmDloment equations 
The pattern of employment in agriculture (Eat) is difficult to be 
explained because the data used in the equation do not reflect the 
deep mutations that the agricultural sector has experienced. Data an 
wage differentials between the rural and urban sectors is only 
available for the guaranteed minimum wage in the public sector 
(W* p). Although this'is not a good indicator of wage differentials, 
it could serve as a mark-up for agricultural wages in the private 
sector (although traditionally the peasant has also been allowed to 
dispose, of a fifth of his production). This form of agricultural 
practice was abolished in 1971 by returning the land to the 
peasants who were then organised into cooperatives. This 
agricultural reform is captured by the inclusion of a dummy 
variable D71 in the equation as is the process of liberalisation in 
agriculture since 1979. 
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Ln(Ea)t - 6.025 - 0.299Ln(Qa)t + 0.128Ln(Ka)t-3 
(10.11) (5.511) (2.545) 
- 0.142Ln(W* p )t - 0.078D71 + 0.263D79 
(4.121) (3.703) (14.490) 
+ 0.3051n(Ea)t-2 [5.22] 
(4.649) 
R2.0.96 DW-2.797 Fl[6,11]- 82.167 a-0.247X h-0.894 
1? 2[5,11]-0.32 X25-0.58 X22'0001 F3[2,12]-2.93 
F4[1,13], 1*59 P518.5]-0.07 
It is very difficult to give a rational explanation for the negative 
sign of the coefficient of agricultural output Nat), but it would 
appear to stem from a statistical correlation between Qat and Eat- 
The growth in Qat of 1Z p. a during the sample period compared to a 
1-57Z ' growth rate Of Eat p. a, probably produced this negative 
correlation. The' latter could also be the result of increased 
mechanisation of the production process, as has been argued for the 
output-ýemployment 'relation(8). The effect of capital stock in 
agriculture Mat) was very delayed, and the lag seems unreasonable 
for - this sector. However, given that projects within one plan 
overlap with other plans in large measure (see Temmar (1983) for a 
discussion) it is not surprising to find a lengthy delayed response 
of capital, for even longer periods. The negative sign on the minimum 
guaranteed wage rate in agriculture (V*pt) reflects the effect of 
cost on employment. 'This effect is significant because, given the 
rigid planning as regards the prices of agricultural products, an 
increase in cost could not be directly accounted for in the retail 
price of agricultural products. ' The dummy variables reflect the 
negative effect on agricultural employment of the agricultural reform 
of 1971, and the positive effect -on employment of price 
liberalisation*and other reforms implemented since 1979. 
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Employment in the industrial sector (Ejt) is determined in this 
model by the capital stock in the industrial sector (Kjt) and the 
wage rate (Wjt). This equation was obtained by simplifying the 
general employment equation discussed in Section (4-7]. 
Ln(EI)t - -1.122 + 0.3616Ln(KI)t - 0.125Ln(WI)t 
(3.191) (3.290) (3.541) 
0.547LU(EI)t-l [5.23] 
(3.360) 
R2.0.99 Fl[3,17]-1306.60 a-0.6791 DW-1.514 h-1.46 
ý2[5,12]-0.29 X2 5'0098 X2 2'1*10 F3[2,15]-l. 55 
F4[1,16]-0.00 F5-[6,10]-0.64 F6[9.7]-l. 19 
Industrial output had no significant effect on industrial 
employment whereas the effect of capital accumulation was 
significant. This might be a consequence of the fact that job 
creation during a period of accelerated growth is due to new job 
opportunities, and is not a result of the growth in output. This 
point could be justified simply by comparing the low capacity 
utilisation rates in the industrial sector(9)9 on one hand, and the 
high employment growth record on the other. The significance of the 
wage rate having. a negative coefficient in the industrial sector 
might not be strongly justified in the Algerian economy, but the 
steep rise in wages in the industrial sector could have 
produced such a negative effect. The time trend is insignificant 
implying that productivity or technical change exert no statistically 
discernible effect on industrial employment. The dynamic pattern in 
the-equat ion is represented by a simple partial adjustment mechanism. 
Employment in the construction sector (Ect) increased its share 
considerably from 5.32 in 1963 to 17.6Z in 1984. This increase was a 
result of the accelerated growth strategy of the 1970s and the higher 
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priority given to housing and economic infastructure in the 
1980-1984 economic plan. Employment in this sector seems to respond 
to output and capital with a very long lag. All the design 
criteria reported are significant. 
Ln(EC)t 0.465 + 0.183Ln(Qc)t-3 + 0.740Ln(KC)t 
(1.205)* (2.705) (5.189) 
0.493LU(KC)t-3 + 0.0480T [5.24] 
(5.359) (2.583) 
R2-0.99 Fl[4,14]-597.215 DW-1.853 a-1.208Z T-19 
F2[5,10]-l. 24'X2 5m8.44 X2 2mloO4 F3[2,13]mO. 89 
F4[1,14]-l. 00 F5[8.6]-0.36 F6[14, O]mO. 00 
The three period lag in the construction's sector capital stock 
(Kct), although long, appeared consistently significant throughout 
the modelling experiment with a different lag of this variable. The 
construction sector's wage rate was insignificant. This dynamic form 
was retained because it satisfied the design criteria listed below 
the equation. 
Employment in the transport and communication sector (ETO 
responded positively to output in this sector (QTt) and to capital 
1 (KTO, but had a long lag. The reasons for this long lag on the 
capital stock are the long delays in the construction and delivery of 
imported equipment, and the great deal of notional investment, i. e. 
investment recorded in the statistics but which has never 
materialised into real projects due to cancellations and project 
mismanagement. 
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, 
Ln(ET)t - -0.851 + 0.176Ln(QT)t + 0.318Ln(KT)t-3 
(3.684) (1.836) (2.489) 
+ 0.25lLn(F-T)t - 0.345Ln(WT)t [5.25] 
(1.830) (5.042) 
R2-0.99 SE-0.713Z Fl[4,14]-609.380 DW-1.678* p-0.113 T-19 
F2[5,9]-0.09 X2 5-0.52 X2 2 -0.21 F3[2,12]-0.38 
F411,13]-0.10 F5[8,5]-0.61 F6[14,1]-0.00 
The long lagged capital variable helped to improve the 
performance of the equation, especially its, forecasting and stability 
features. Employment in this sector is sensitive to wage rate 
although the elasticity is not very high. 
11 
Employment in the services (E, t) includes employment in both 
goverment and the private sector. Employment in the private sector 
services constitutes- a category of the informal employment f ound 
virtually in all. developing, countries. 
'This 
category, increases with 
the pressure of rural-urban migration. The equation developed here 
is 
. no 
dif f erent f rom the model adopted for the other sectors. 
However, specification searches produced the following equation: 
Ln(ES)t 1.273 + 0.163Ln(Ks)t-2 --0.120LU(Qgl)t 
(3.200) (3.651) (3.711) 
+ 0.053D79 + 0.740LU(Es)t-l J5.26] 
, (3.024) (8.348) 
R2-0.99 a-0.2291-Fl[4,15]-1616.003 DW-1.642 h--0.08, T-20 
F2[5,10]-0.27ýX25-1.26 Xý2'1.76 F3[2,13]-l. 56 F4[l. 14]-0.03 
F5[7.7]-3.18 F6113, l]-1.00,, 1ý -7 1 
Capital stock-_, (Kt) has_ a long lag as in other employment equations, 
which reflects- the, large delays in the realisation of investment 
projects. Output has-a negative relationship with employment in the 
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services sector. This only shows that as the economy grows, 
employment declines 'because informal employment is transferred to 
other sectors. The dummy variable that shows the combined effects of 
Algeria's new economic policy since 1979, and the second oil price 
increase, had a positive effect on employment in this sector. 
15-81 Wage eauation 
IrL this model the nominal aggregate wage rate (Wt) performed 
better than did the real aggregate wage rate. Sectoral wage rates 
were considered to be exogenous because we did not find evidence of 
the effect of wage cost on the output prices and sectoral employment. 
The nominal aggregate wage rate (Wt) was explained by a quasi 
Phillips (1958) curve. This equation was modified for the incomes 
policy represented by the guaranteed minimum hourly wage rate 
(W*t) and a dummy variable D72 was used to make up for the 
increases in wages. Price expectations are modelled by a simple 
lagged value of the consumer price index (Pct). The effect of 
unemploymentý(Unt)-is also lagged one period, which reflects the slow 
speed of adjustment-in the labour, market mechanism. 
Ln(W)t ý-0.086 - 0.473Ln(Uý)t-j + 0.651LU(Pc)t-l 
(0.072)* (3.638) (3.212) 
0.534Ln(W*)t + 0.152D72' -15.21] 
(4.091) 
--- 
(3.305) 
R2-0.99 a-2.83X DW-1.522* T-21 FI(4,16]-799.181 p-0.333 
F2[5,11]-l. 63 X25'10-97 X22'0.56 F3[2,14]-. 53, 
F4[1,15]- 0.99 , F5[7,8]-0.19 ý- F6[13,2]-0.40 
This -equation implies that there is a trade-off between 
unemployment and wage-inflation. A, certain amount of price-inflation 
within consumer -price inflation is passed on to wages with 
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a lag of one period. The guaranteed minimum hourly wage rate (W*t) 
is a policy variable that summarises incomes policy on wage 
inflation and its effects are assessed in Chapter Seven. 
15.91 Price equations 
In this section the most important issue is to establish the exact 
determinant of inflation and the way it is generated. The 
agricultural price deflator (Pat) could be regarded as the key to 
output price inflation determination because of high execess demand 
in the consumer market coupled with the decline in agricultural 
output. The ef f ect of the price of imports (Pmt) was direct, and 
without lag, primarily because imported agricultural inputs and 
machinery are not subsidised as are the imported basic foodstuffs. 
However the, price index of intermediate consumption of agriculture 
(PIat) affected agricultural price with a long lag, probably because 
of the subsidy and special prices granted to agriculture. 
0.50lLn(PM)t + 0.227LU(Pja)t-3 + Oo649Ln(Pc)t 
(4.244)- (1.672)* (2.778) 
- 0.3977Lu(Q*a)t + 0.249D79 [5.32] 
(4.502) (4.420) 
R2.0.99 a-1.2Z DW-1.64* T-19 Fl[4.14]-599.473 p-0.268 
F2[599], 0*30 X2 5-0.35 X2 2'0951 F3[2,121-0.61 
P411,13]-0.33 F5[9,4]-0.47 
The output gap Wat) index has a -negative coefficient which could 
be interpreted as a supply effect or a bottleneck constraint on 
price. Therefore as output increases above the constant trend line 
the price index would be reduced. The dummy variable D79 captures 
the agricultural refoms of the First Five Year Plan, especially 
those regarding price adjustment. , 
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The price index of the manufacturing sector (Pmat) is explained by 
current import price index (Pmt) and the lagged price of intermediate 
inputs (PImat). The equation dynamics is modelled by a simple 
partial adjustment hypothesis. 
LU(Pma)t - 0.869 + 0.112Lu(Pm)t + 0.261Ln(Pjma)t_2 
(2.220) (1.808) (2.960) 
+ 0.457LU(Pma)t-l [5.33] 
(2.234) 
R2.0.98 0-0.74Z Fl[3,16]-493.224 T-20 DW-1.862 h-0-785 
F2[5.1l]-2.20 X2 5-4.42 X2 2'1.30 F3[2,14]-0.06 
F4[1,15]-0.01 F5[6,9]-0.92 F6[9,6]-l. 00 
The price index of the manufacturing sector did not show significant 
effects for either unit labour costs or the output gap index. 
Although the way fhese two indices were calculated might be 
responsible for their insignificance, the relationship usually 
postulated between these variables in a market economy is certainly 
not fully developed in the Algerian economy. Wage costs should 
include all the costs of labour that the employer pays (i. e. wages 
and salaries as well as social security contributions). The high 
social expenditure incurred by public companies in Algeria is not 
included in the unit labour cost, Data on capital utilisation in the 
various industries. systematically show low rates of equipment,. 
utilisation which could affect prices(11). However the trend output 
used to calculate the output gap does not reflect such variations 
and low level of capacity utilisation. 
Although the price deflator of the construction sector (Pcot) 
produced the same type of equation, the output gap (Q*ct) is 
significantly negative which reflects the supply bottleneck within 
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this sector and its immediate effect on the investment deflator. 
Ln(Pco)t - 0.365 + 0.718Ln(Pm)t + 0.663Ln(PICO)t 
(0.919)* (5.239) (4.087) 
- 0.473Ln(Q*c)t (5.34) 
(6.974) 
R2.0.98 a-1.572i Fl[3.18]-669.508 DW-2.18 T-22 
F2[5,13]-0.73 X2 5'1*06 X2 2'0-69 F3[2.16]-0.31 
1? 411,17]-2.54 F516,11]-2.67 F6[9.8]-2.06 
The price deflator of the transport and communication sector 
(PTO produced a higher elasticity on the price of the imports, 
presumably because the equipment employed in this sector is virtually 
all imported. Unlike in other sectors the unit labour costs (ULCTO 
is significant. The output gap reflects a supply bottleneck because 
an increase in this sector's output above its trend value would 
decrease price inflation. 
Ln(I'T)t m 0.944Ln(Pm)t + 0.4702Ln(ULCT)t-1 
(5.822) (4.985) 
0.662LU(Q* [5.35] T)t + 0.25BLU(PT)t-1 
(4.998) (2.126) 
R2.0.97 Fl[3ol7]-250.87-T-21 a-1.991 DW-2.492 h-1-30 
F2[5,12]-0.44 X2 5-0.47. X2 3"1*02 F3[2915]-l. 66 
F4[1,16]-0.71 F5[8,8]-076 F6[14.2]-0.08 
The price deflator of.. the services sector, vhich is modelled in 
the same manner as it was in the transport and communication sectors 
was not affected by wage levels per unit of output. 
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Ln(PS)t - 3.879 + 0.448Ln(PIS)t - 0.75lLn(Q*, )t 
(1.778) (3.340) (1.672)* 
+ 0.48OLU(PS)t-l [5.36] 
(2.866) 
R2.0.80 0-3.32Z Fl[3,17]-28.529 DW-1.307 h-1.481 T-21 
F2[5,12]-0.02 X25.0.04 X2 2ml. 67 F3[2,15]-0.62 
F4[1,16]-0.16 F5[6,10]-8.26*. 
The price deflator in the services sector is not affected by 
the price -of iiýports. This sector's intermediate input price 
deflator is siginificant with a long-run elasticity of 0.92. 
- The price deflator of the hydrocarbon sector (Pht) was explained 
by a relation-that combines the contemporaneous effects of the price 
of oil (po), the exchange rate (et), and the pressure of market 
demand as reflected by the output gap (Q * ht)- 
LU(Ph)t'-'1.942 + 0*788Ln(Po*e)t - 0.366LU(Q*h)t 
(2.539) (17.321) 
0.183D74 
(1.652)* 
(2.066) 
[5.37] [5.37] 
R2-0.99 Fl[3,19]-1119.925-c-2. lZ DW-1.663 p--0.008 
F2[5,13]-l. 69 X2 5-16.46* F3[2,15]-0.23 F4[1,17]-0.50 
1? 5[5,12]-l. 64-F618*9], 0*95 
The output deflators explained in this, section -reflect certain 
common features regarding the supply side of inflation. First, nearly 
all the equations reflect the, importance of the imports price index 
in explaining variations in the sectoral price deflators. Second, the 
output gap index or market pressures displayed a negative elasticity 
which was explained as, Iref 
lecting a supply bottleneck. Third, the 
strong lag present in some equations was taken to reflect the degree 
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of price stickiness to adjust to changes in cost which might reflect 
the degree of price subsidy and direct price controls. Fourth, unit 
labour costs did not have a significant effect on price despite a 
wide specification search, including long lags. In the model 
therefore, there is no wage-price spiral that might spark off rounds 
of inflation. 
Expenditure price deflators were explained mainly by output price 
deflators and augmented for factors that are in operation on the 
demand side of the goods markets. 
The consumer price index (Pct) is explained by the agricultural 
price index (Pat) and manufacturing price index (Pmat) which reflect 
the repercussions of supply side inflation in the consumer market. 
There is simultaneity between the Pct and Pat. The heavy subsidy 
applied to the consumer market, has made the import price effect very 
lagged. The stickiness 'in wage policy is*also reflected by the long 
lag in the guaranteed minimum wage (V*t): 
Ln(Pc)t - 1.179 + 0.169LU(Pa)t + 0.311LU(Pjma)t 
g4.117) (3.162) (2.500) 
+ 0.170Ln(W*)t-3 + 0.326Lri(Pm)t-4 
-, (3.228) (2.366) ' 
+ 0.127ALn(Cd)t-2 [5.38] 
(2.366) 
R2-0.99 Fl[5,12]-2238.64 a-0.334 T-18 DW-1.689* p-0.998 
F2[5t7]-2.92 X25-25.16* X22,0.63 F3[2.10]-0.20 
F411,11]-0.13. F5[10,1]-0.42 
The effects of the money supply on pct is limited only to changes in 
constant price currecncy holdings (Cdt) a Experiments with the broad 
and narrow real monev SUDDlv did not produce significant effects 
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This is a surprising result given the high money growth in the 
Algerian economy. However, this might be the result of price planning 
which prevented prices from increasing equilibrium levels. This is 
supported by the existence of rationing and disequilibrium in the 
comsumer goods market. 
The investment price deflator (Pjt) was explained mainly by the 
price indices that constitute the cost of capital accumulation and 
the demand pressure in the construction sector: 
Ln(PI)t 1.958 + 0.699LU(Pma)t-2 + 0.32OLri(Pco)t 
(7.542) (6.366) (4.244) 
+ 0.205Ln(Pm)t + 0.286Ln(Pm)t-l 
(1.915) (2.526) 
+ 0.069Ln((Z*co)t [5.39] 
(1.717)* 
R2.0.99 a-0.368Z Fl[6.12]-2717.401 DW-2.234 T-19 
F2[5,6]-2.73 X25-39.45* X2 2'1*28 1? 3[2#9]- 
F411,101'0*01 
The effect ofý the pressure of demand is small and insignificant. The 
equation displayed consistent predictive failure, though the 
stability test was passed at the 51 level. The hetroscedasticity 
tests could not be computed due to shortage of degrees of freedom. 
The price deflator of inventory investment (changes in 
stocks) Rdst)v is explained by a simple equation that relates 
the price --level 
in this sector to the price deflator of the 
manufacturing sector (Pmat) and to the output gap of the 
agricultural sector (Q*at)o 
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Ln(Pds)t 4.784 + 1.104Ln(Pma)t-l + 0.646Ln(Q*, )t 
(4.161) (3.779) (2.283) 
0.323LU(Pds)t-l [5.40] 
(2.163) 
p, 2.0.979 Fl[3,15]-280.289 T-19 a-1.63 DW-1.80 h-0.248 
F2[5,10]-0.41 X25-0.57 X2 2'OoOO F3[2,131-0.51 
F4[1,4]-0.02 F5[6,8]-0.83 F61995], 1.80 
The long-run price elasticity of the manufacturing sector is 1.63 
because of the low short-run adjustment. The price deflator of the 
agricultural sector did not produce a significant effect, nor did 
that of imports. 
The price index, concerning the export of goods and services (Pxt) 
is explained by changes in the world consumption of oil (AWCOt), and 
by a distributed lag in the price of oil expressed in domestic terms 
(Po*e)t. After some experimentation with aifferent lag structures on 
the price of oil, a polynomial lag of the third order without 
constraints imposedon the lag tails was employed. 
LU(Px)t - 1.250 + 2.183ALU(WCO)t + lbjLrL(Po*e)t 
(6.515) (2.775) [5.41] 
j bj 
0 0.907 
1 -0.075 
-0.129 
-0.083 
8= 0.705 
t-statistic 
7.8406 
1.153 
2.277 
1.239 
6.358 
R2.0.99 DW-1.97 a-S. OX Fl[6,14]-357.938 p-0.73 
This equation was chosen because it improved the fit 
considerably. A static version of the equation produced a coefficient 
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of 0.81 on the price of oil variable; however the equation's 
standard error as a percentage of the mean of the dependent variable 
was 30Z, an uncceptably large error variance. Changes in world 
consumption of oil (WCO) reflect the strength of world demand which 
is regarded as the main determinant of the export price deflator, 
combined with producers policy as reflected by the oil price. 
The 
. 
price of imports (Pmt) is treated as endogenous in the 
model, and is determined by a distributed lag on world price (PW*e)t 
converted into domestic terms using the Dollar's nominal exchange 
rate (et). The fourth lag was fitted by a third order polynomial 
without constraints on the tail. 
Ln(Pm)t - -1.128 + 0.462D74 + 0.131D79 
(0.713)* (5.751) (1.092)* 
+ lbjLU(P, *e)t_j [5.42] 
R2.0.96 Fl[8,10]-78.817 a-0.08 DW-1.697 P-0-92 
j bj t-statistic 
0 -1.385 1.962 
1 1.621 2.181 
2 0.973 0.435 
-1.318 1.878 
4 2.010 2.583 
sum 1.024 3.354 
The effect of the oil price shocks is captured by the dummy 
variables. Growth of the world economy, as measured by world 
output, did not have an impact on domestic import prices. 
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15-101 Gover=ent sector 
Wage tax (Twt) was explained by the level of wages in nominal 
terms (Yt), the lagged value of oil prices in domestic terms 
(Po*e)t, and changes in the output price deflator (APyt). The d=my 
variables for the oil price shocks of 1974 and 1979 were added to 
the equation. 
Ln(T, )t --3.701 + 1.053Ln(Y, )t - 0.656dlLn(Po*e)t-2 
(2.672) (6.796) (2.486) 
+ 2.301ALn(Py)t-2 + 0.3285D74 - 0.378D79 
(2.439) (1.667)* (1.860) 
R2-0.971 Fl[5,14]-155.11 DW-2.338 o-2.59X T-19 [5.27] 
F2[5,9]-0.98 X2 5-6.10 X2 2-3.13 F3[2,12]-0.27 
F4[1,13]-0.32 F5[8,5]-0.17 
As -- the equations are expressed in log terms, the 
coefficients could be interpreted as tax elasticities. The wage 
tax elasiticty is near unity. The increase in oil prices will 
reduce, the wage tax but only with, a long lag. The effect of inflation 
also produces the same long lag but with a larger elasticity. 
The non-wage incpMe tax (Tct) was made a function of companies' 
net operating surpus (NOSt), which acts as, a- proxy for pre-tax 
company profits. Unfortunately, the tax data do not differentiate 
between private and public sector company taxes. The f ormer are 
usually collected as a fixed sum independent of private sector 
profits and sales, and they only depend on the size of the business. 
Details of the various legal rates are given in Benaissa (1984), 
and the IMF (1977) report. 
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Ln(TC)t --4.076 + 1.309Ln(NOS)t + 0.514Ln(TC/NOS)t-l 
(2.462) (7.963) (2.629) 
- 0.574ALn(Po*e)t + 2.163ALn(P, )t - 0.793D74 
(1.427)* (1.387)* (2.275) 
R2.0.91 a-4.24Z Fl[5,15]-42.163 DW-2.632 T-21 [5.28] 
F2[5,10]-7.74 X2 5-28.91 X2 2-0-11 1? 3[2,13]-6.80 
1? 4[1,14]-l. 47 F5[9,5]-2.64 
In this equation company taxes are explained by a simple tax 
equation but augmented for a lagged effective tax rate and changes in 
the price of oil and inflation. The econometric properties of the 
equation are not so attractive, especially as regards stability and 
predictive failure. However, from a long specification search, this 
equation represents the best outcome. 
Indirect taxes, which account for nearly a quarter of goverment's 
income from taxes, were explained by 'nominal GDP and the dummy 
variables. The equation satisfied all the design criteria. 
Ln(TI)t - -5.763 + 1.28SLn(Y*Py)t - 0.207D74- 0.404D79 
(8.299) (18.305) (2.035) (4.489) 
R2.0.99 a-1.149 Fl[3,18]-1011.83 DW-0.993* p-0.569 
F2[5,13]-l. 42' X2 5-3.83 X2 2'0099 F3[-2,1-6']-3.64 '[5.29] 
F4[1,17]-0.67 F5[4,13]-0.32 F6[6,11]-0.20 
Import taxes (Tmt) were explained in the same manner as were 
indirect taxes, but the tax base considered was aggregate imports in 
nominal terms (H*Pm)t and the oil price shock dummies of 1974 and 
1979. 
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Ln(Tm)t - -5.746 + 1.352Ln(M*Pm)t - 0.550D74 - 0.242D79 
(4.137) (8.341) (1.795)* (1.399)* 
R2-0.96 a-3.34Z DW-1.128* Fl[3.18]-184.428 p--0.005 
F2[5,13]-0.06 X2 5-0-08 X22,0.33 F3[2,16]-0.14 
F4[1,17]-0.47 F5[4,13]-0.31 F6[6,11]-0.24 [5.30] 
Hydrocarbon taxes are the most important item. as regards budget 
finance. They are collected through a complicated process of income 
taxes and royalties imposed by the government on the national 
and foreign hydrocarbon companies(10)- Certainly a microeconomic 
approach to company taxes falls outside the scope of this thesis, 
but if data had been available on such royalties and income taxes in 
the form of time series, it would have been possible to 
make rough arithmetical calculations regarding how the government's 
budget would be affected in the case of oil fluctuations. To avoid 
this difficulty, the price of oil (Po*e)t is entered directly 
into 'the hydrocarbon tax equation (Tht)* The tax base of this 
category is current price hydrocarbon output (Qh*Ph)t. The effects 
of trade on this category of taxes would presumably be picked 
up by the price of oil, and therefore expo - rts of hydrocarbons were 
not used as the tax base. 
LU(Th)t - -1.810 + 0.544LU(Qh*Ph)t + 0.476Ln(Thl(lh*Ph)t-l 
(1.775* (2.939) (2.56) 
+ 0.393ALn(Po*e)t + 0.416Ln(Th)t-l (5.31] 
(2.560) (2.364) 
R-0.99 o-1.61X DW-2.38 Fl[4,16]-772.24 T-21 h-2.24 p--0.307 
F2[5,11]-0.93 X2 5-0.95 F3[2,14]-2.75 F4[1,15]-0.00 
P518,7]-0.63 F6[14,1]-0.24 
The tax elasticity on -hydrocarbon seems low compared to other tax 
categories. The reason for this is that the equation was dynamised by 
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a simple partial adjustment mechanism which suggests a long 
adjustment pattern. The long-term tax elasticity is, in fact, higher 
(0.93) than is the price of oil long run elasticity (0.67). 
r5.111 Monev demand equations 
The transaction demand for cash (Cdt) in real terms when the GDP 
price deflator (Pyt) is used as the deflator, produced the following 
equation which was s"implified from a general formulation [3.12] with 
two lags on all variables. 
I 
ALn(Cd)t' - 0.322 + 0.594ALn(Y)t - 0.396ALn(Pv)t 
(1.531)*(3.750) (2.635) 
- 0.223Ln(Cd/Y)t-l + 0.127D71 - 0.155DC 15.431 
(1.825) (3.914) (4.540) 
R2-0.87 a-0.039 DW-2.529 Fl[5,15]-29-70 T-20 
P215,10]-0.84 X2 5-2.25 X22"1008 F3[291.3]-l. 40 
F4[1,14]-0.27 F5[8,6]-0.13 
The model produces i very small standard error and passes all the 
diagnostic tests, even though it is formulated in first differences 
and uses a small sample, which makes the monetary growth difficult to 
trace. This satisfactory statistical performance was partly achieved 
by the dummy variable Dc which picks up variations in the data 
sample. The dummy variable D71 was designed to capture the effects 
of the financial reforms of 1971(12). The model implies a 22Z 
feedback from previous "disequilibrial between money and income. 
Demand deposit holdings Ddt in real terms vereýdifficult to model 
in terms of the ECH model. The equation outlined below is the best 
it was possible to achieve after a long specification search. 
However the equations with which we experimented all displayed 
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structural instability and predictive failure. It was therefore 
decided to accept- the equation below according to system 
performance criteria, despite the implications of instability on 
monetary policy. 
ALn(Dd)t 0.107 + 0.492ALn(Y)t-3 - 0.825ALn(Py)t 
(0.702)* (1.525)* (2.994) 
0.250Ln(Dd/y)t-2 - 0.204Dd [5.44] 
(2.486) (4.122) 
'R2.0.83 a=0.08 Fl[4,13]-21.78 DW-2.437 T-18 
F2[5,8]=8.88* X2 5=13.93* X2i*0.09 F3[2,111-1.31 
F4[ltl2]-0.8 F5[7,5]-l. 63 
The implied parameters are not very different from the currency 
demand' equation which in a sense should be the same because neither 
are interest bearing assets. The difference lies in the inflation 
elasticity which is twofold higher in the case of demand deposits 
holding%, The reason for this could be that demand deposits have been 
susbstituted by time deposits and savings deposits, which are 
interest-bearing assets, or by real as'sets, especially real estate 
and gold(13). 
The time' '"deposits equation Tdto which accounts for only a small 
fraction'of broad money (about 61 on average), reflects the 
s- implicity of the -functions of the financial system. Most of the 
holdings of this type of asset are held by the financial houses (e. g. 
pensions, insurances) compulsoraly by the government legislation of 
1971. In this equation this fit is good- without the use of duany 
variables support. The inflation effect is strong as in the case of 
demand deposits, - however, the income elasticity is almost two. 
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AWTd)t ' -0.846 + 1.986ALn(Y)t - 0.721ATn(Py)t 
(4.035) (4.063) (1.933) 
-0.286LU(Td/y)t-2 [5.45] 
(4.7106) 
R2.0.84 a-0.124 DW-1.754 Fl[3,16] T-20 
F2[5,11]-l. 70 X2 5-3.07 X2 2'1*09 F3[2,14]-0.14 
F4[1,15], 0.25 F5[6,9]-l. 53 F6[9.6]-l. 20 
The three equations above constitute the demand for broad money which 
is explained by a money multiplier model. As the multiplier is 
endogenous and is a function of inflation, income growth, and the 
lagged velocity of particular assets, broad money is also explained 
by these variables and the monetary base. The formulation of the the 
model in detailed form constitutes the basic tool for monetary policy 
formulation. These issues are discussed in Chapter Seven, where 
different policy ass=ptions are tested and evaluated. 
15-121 Hodel Identities. 
The equations developed above represent the behavioural and 
technical relationships of the macroeconomic model. For the purpose 
of simulation and for closing off the model, certain of the model's 
endogenous relations must be defined in terms of identities (i. e. 
zero error tem and coefficients equal to one) because they hold 
exactly without erroi. ýThese identities are necessary, not only for 
closing off the model but also for establishing the interdependence 
between variables within the model, vhich exist in reality. 
The first identity of the model defines the sources of personal 
disposable income in constant prices which is the main explainor of 
consumption behaviour. 
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Ydt ' (Ywt + Ypt + TRA. SHt - SOCt - TWt - Tpt)/Pct 
[5.46] 
The wage income in nominal terms is defined as the wage rate Wt 
multiplied by the level of total employment Et. 
Ywt - Wt*Et 
Income from personal property (Ypt) is treated as exogenous because 
the data concerning income from different sources is not available 
and are usually calculated as a residual in macroeconomic models. 
Transfers to households (TRSHt) include both government transfers and 
workers' transfers from abroad. Personal income is also 
determined by social security contributions (SOCt) and personal 
income taxes (Twt). Taxes on income property (Tpt) are only 
calculated as a constant proportion of taxes on profits because no 
data are available concerning private sector income tax. 
The Gross Domestic Product (Yt) in constant prices is obtained as 
the sum of all expenditure categories: 
Yt - Ct*Nt + Cgt + It + ISt + Xt - Ht (5.47] 
0 
Goverment consumption (Cgt) is treated as exogenous in the model. 
Personal consumption (Ct) is converted from per capita consumption by 
multiplying it by the population vector Nt. 
Total investment in constant prices is summed up as follows: 
It m Iat + Imat + Ict + ITt + 8t + Iht [5.48) 
Total imports in real terms are given by: 
Ht ' Hat + MIt + Mkt + Hct + Hst [5.49] 
165 
The total exports are the s= of 
Xt - Xft + Xht + Xot [5.50] 
Xot represents 'other exports' category which are exogenous. The 
current ' account of the balance of payments is the sum of the trade 
balance and the net capital flows (CAPt): 
BOPt- Xt - Mt + CAPt [5.51] 
CAPt is treated as exogenous. Total output (Qt) at factor costs and 
constant prices equals the sum of sectoral output: 
Qt ' Qat + Qmt + Qct + QTt + Qst + Qht [5.52] 
and equals GDP by adding the indirect taxes (import and sales). 
It might be better to leave aggregate demand and aggregate supply 
unbalanced because inventory investment does not in reality adjust to 
the gap between them 'because this operation would require increases 
in imports and/or output after stocks are exhausted. 
Setoral output is explained by a Cobb-Douglas production function 
which uses labour and 'capital stock as inputs. The latter are 
generated from sectoral investment using the perpetual inventory 
method (PIK). 
Kit - (1 - Xi)Y-it-i + it (5.53] to [5.58] 
i-l,.... 6 
The perameters Xi which correspond to the depreciation rates are 
difficult to calculate because legal rates applied to investment 
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differ widely in terms of the type of asset accumulated. The method 
of calculation used to obtain sectoral depreciation rates Xi is 
outlined in appendix B. 
Total employment is calculated as the sum of the five sectors 
explained in section (5.7], with manufacturing employment estimated 
as residual. 
Et - Eat + Ejt + Ec + ETt + Est [5.59] 
Elt denotes industrial employment which is the sum of employment in 
the manufacturing and hydrocarbon sectors. 
The unemployment rate is calculated as the difference between labour 
supply and employment expressed as a percentage of labour supply. 
, rLmt + Lft - Etj Unt -I IXIOO E5.60] 
Llýnt + Lf t 
Labour supply is disaggregated into male (Lmt) and female (Lft) 
labour in order to, test separately the impact of a higher female and 
male labour supply in model simulation. 
The aggregate broad money supply (BMot), in real terms, is 
calculated from a money multiplier model: 
BMOt - mt. HBt [5.611 
where mt is the multiplier, which is calculated as 
r Cdt + Ddt + Tdtl' 
me I 
L Rt + Cdt 
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Rt represents constants prices total reserves. The monetary base 
(MBt) (reserve money or high powered money), is treated as exogenous, 
but written into the model in a detailed form so that monetary policy 
could be conducted easily. The form of the monetary base is 
MBt - [NFACBt + NCGCBt + CPSt + CMBt + OItl/Pyt 
This identity shows that the monetary base is the sum of net foreign 
assets of the Central Bank , net credit to government, credit to the 
private-'sector, credit to deposit money banks, and other items. 
The aggregate price is derived from the GDP identity [5.47] by 
writting the real value and nominal value of GDP in full: 
Ct*Nt*Pct + Cgt*Pgt + It*pIt + Pst*ISt + Xt *Pxt - Ht*Pmt 
p yt 
Ct*Nt + Cat + It + ISt + Xt - Mt [5.62) 
This formulation permits a linkage of all. the components of GDP and 
deflators, and-transmits changes-in them to the aggregate price. 
The budget balance (PSBR) identity consists of expenditure and 
revenue. The expenditure was disaggregated into government current 
expenditure (Gct) and investment expenditure (Glt). The revenue side 
consists of the sum of taxes: 
PSBR - Gct + Gjt - Twt - Tct - TIt - Tmt - Tht - Tot 
(5.63] 
The above identities all define new endogenous variables, most of 
which are aggregates of the components which were explained 
behaviourally vithin the model. in fact, the computer simulation 
form of the model is more complicated because most of the variables 
are written in logarithmic form, so exponential function 
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transformation is needed for their s=mation. 
r5-131 The full model 
In this section we detail the model, describing its size and 
general structure and the policy implications which are assumed to 
operate in the Algerian economy. The main results of parameter 
estimation and the dynamic adjustment are summarised. 
The global model contains 63 equations, 45 of which are 
behavioural and the rest comprise identities and definitions. The 
total number of variables involved in the model is 141, of which 95 
are exogenous. In addition, the model includes 30 lagged endogenous 
variables bringing the number of predetermined variables in the 
model to a total of 58. There are 17 endogenous variables which are 
simultaneous. The model is block recursive, rearranged into 9 
blocks. This structure is given in Appendix E. The structure and 
interdependences of the model are shown as a flow diagram in Figure 
[5.1]. The behavioural equations can be sub-divided into fourteen 
that describe the. demand side of the economy, eleven the supply 
side, eight which describe finance, and 
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thirteen price and wage equations. 
The model's main policy instruments are the investment targets 
(leit) which determine the content of any development plan, and 
investment anticipation in the economy. Their impact is on total 
investment which have both supply and demand effects, through 
capital stock in the former and total expenditure in the latter case. 
The feasibility of investment targets would be tested through its 
implications on the major macroeconomic aggregates such as growth and 
balance of payments, given certain assumptions about the OPEC's oil 
price policy. This variable is the most important in the model 
because it determines the outcome of hydrocarbon exports and 
government revenue. These two variables determine a good deal of 
economic activity, and their importance in macroeconomic policy, 
therefore, is crucial. The immediate effect of the volatility of the 
price of oil is on the current account which determines the public 
external debt and the public sector borrowing requirements. These in 
turn affect the monetary base. The third important policy variable is 
the minimum guaranteed wage which affects the wage rate; however, the 
effect of this rate is limited to expenditure on consumption because 
price equations in the model does not rely on unit labour costs. 
, Fiscal policy in the model is conducted by manipulating the tax 
elasticities in defining goverment revenue policy. Government 
expenditure policy is carried out by manipulating both government 
consumption of ýgoods and services in the GDP identity and current 
government expenditure in -the budget balance identity. Government 
expenditure, both current and capital, would increase the PSBR. An 
accommodating monetary policy would be to increase net credit to 
government and increase net foreign assets of the Central Bank. 
The exchange rate is treated as exogenous in the model, although 
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its scope as a policy variable is limited because planners in Algeria 
prefer to adjust the balance of payments using quantitative 
restrictions in the light of how export development proceeds. The 
exchange rate in Algeria is determined by the Central Bank on the 
basis of a relationship between the Algerian Dinar and a composite of 
currencies. The currencies included in the composite and their 
weights are determined by the relative importance of payments that 
are made in these currencies. The IMF's (1987) annual report on 
exchange rate arrangements describes such arrangements and foreign 
trade payment methods. In the model, the exchange rate is used 
mainly to convert certain variables that are expressed in foreign 
currencies. However, it is possible to experiment with this 
variable to test its effect on economic activity, especially the 
effects of exchange rate devaluation on the price of imports and on 
inflation and balance of trade adjustments 
More exogenous variables exist that qould not be described as 
policy instruments, but a study of their effect on growth, 
unemployment and other macroeconomic variables is of great importance 
to the understanding of the dynamic response to exogenous shocks. 
The importance of the price of oil has already been outlined, 
however, variations in the demand structure for energy would show the 
effects of various world energy policies (e. g. energy conservation), 
on Algerian hydrocarbon exports. The world agricultural output 
variable would also test the effects of world supply on Algerian 
exports of agricultural products. Labour supply is treated as 
exogenous and the increasing female labour force could be tested for 
its effects on unemployment and wage rate, which are then transmitted 
to consumption demand. 
The parameter estimates obtained in this chapter are of great 
value to the understanding of the Algerian macroeconomic structure 
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and policy. On the whole the estimates were robust, though, in a few 
cases, strong multi collinearity prevented the generation of good 
statistical relationships. This is particularly so in the case of 
good statistical fit (as measured by R2), and insignificant t-test. 
All the equations were checked for multicollinearity via the 
Farrar-Glauber (1967) tests, although no explicit correction was 
introduced for this problem. 
, The parameter estimates of interest are given in Table [5.2]. As 
most of the equations were estimated in logarithmic form the 
pI arameters could be interpreted as elasticitips. These estimates show 
that the degree of disaggregation is justified because of noticeable 
sectoral differences in the magnitude and size of these parameters. 
Also, these parameters show the dynamic adjustment and the wide 
spread of income and price elasticities effects in the economy. 
This econometric study also permittýd the testing of various 
economic theories. This helped to determine the underlying economic 
model that explains economic activity and behaviour in Algeria. The 
study also highlighted situations where economic models could not be 
tested due to data shortage. 
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Table 5.2 Main param ters estimates 
Short-run Long-run 
Personal sector 
MargiaI pr-op-e-n-slty to consume 0.3 0.8 
Personal income elasticity 0.4 0.9 
Investment backlog 
AgriculurF 16.6 13.5 
Manufacturing 8.5 22.9 
Construction 4.0 33.0 
Transport 19.2 4.2 
Services 9.1 12.6 
Hydrocarbon 9.9 10.6 
Foreign trade elasticities 
Price 
ýp a Ft s 
Food - 0.63 
Inputs 0.55 1.12 
Capital - 1.54 
Consumer - -2.52 
Exports 
7-01-0= - 0.54 
Hydrocarbon - 1.06 
Foreign trade elasticities 
"In-come 
Mp- -Or ts 
Food - -0.4 
Inputs 0.59 1.1 
Capital - 0.5 
Consumer - 4.2 
Exports 
TO-0-r- - -1.5 
hydrocarbon - 3.6 
Cross price elsticities 
import price 
Agriculture - 0.5 
Manufacturing 0.1 0.2 
Construction - 0.7 
Transport 0.9 1.3 
Consumer price - 0.3 
Investmet 0.2 0.5 
Employment elasticities 
ITUE-Put 
Agriculture -0.3 -0.4 
Construction - 0.2 
Transport - 0.3 
Services -0.1 -0.5 
Capital 
Agriculture 0.1 0.2 
Industry o. 4 0.8 
Construction 0.7 0.3 
Transport 0.3 0.6 
Services 0.2 0.6 
Tax parameters 
Tax base elast city 
Wage - 1.1 
Company 1.3 1.1 
Indirect - 1.3 
Import - 1.4 
Oil 0.5 1.1 
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Table 5.2: Continued 
Short-run 
Money demand elasticities 
ce 
M-Frency 
Demand deposits 
Time deposits 
Income 
IM-Frency 
Demand deposits 
Time deposits 
Wage rate elasticities 
Unemployment 
Price 
Minimum wage 
Output elasticities 
Agriculture 
Manufacturing 
Construction 
Transport 
Services 
Hydrocarbon 
-0.4 
-0.8 
-0.7 
o. 6 
0.4 
1.9 
Labour 
0.7 
0.8 
0.6 
0.6 
0.8 
r5.141 SvsteM estimation: 2SLS-PC 
Long-run 
-2.0 
-3.0 
-2.5 
0.3 
0.7 
0.05 
-0.5 
0.7 
0.5 
Capital 
0.3 
0.2 
0.4 
0.4 
0.2 
0.5 
The equations in the model were estimated using the OLS estimation 
method. These estimates were tested for a variety of potential 
misspecifications. However, the simultaneity bias was ignored as the 
equations were each estimated in isolation. In this section we use a 
system estimation method, not as a substitute for OLS, but as a 
checking device for the severity of the simultaneity bias and as a 
guide to the means of correcting it. 
The model, as it*stands cannot be estimated by conventional system 
methods because -'of the degrees of freedom constraint. Alternative 
system estimation methods do exist, However, the single equation 
instrumental variable method cannot be used because of the presence 
of a- polynomial distributed lag in the investment block, and 
restricted estimation in the production function equations. A second 
estimation method is'to exploit the block recursiveness of the model 
(Appendix E) and estimate each block in isolation. Even this method 
cannot be applied fully, however, because some blocks produce degrees 
of '-freedom constraints. The third estimation method consists of 
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modifying the set of predetermined variables in order to avoid 
degrees of freedom constraints and thereby obtain estimates of 
unrestricted reduced form parameters. 
The principal components method was applied to reduce the size of 
the predetermined variables and to obtain the predicted values of the 
endogenous variables which were used to obtain 2SLS parameters. It 
was found that only eight components explain 951 of the variabilitiy 
in the predetermined variables matrix. Table [5.3] gives the 
cumulative R2 obtained from the principal components solution- 
Table 5.3 Principal components data 
Component Iterations Eigenvalue Cumulative R2 
1 8ý 49.86 0.70 
2 33 6.48 0.79 
3 36 3.72 0.84 
-, 4 201 2.23 0.87 
51 29 2.18 0.90 
6 18 1.43 0.92 
7 93 0.98 0.94 
18 '116 0.90 0.95 
These eight, components were used as regressors for the first stage of 
estimation. The -predicted endogenous variables were replaced by 
actual endogenous variables wherever they appeared on- the right-hand 
side of the equations. The results of this 2SLS-estimation are given 
in Appendix C. 
By comparing both sets of estimates, the inconsistency of OLS 
seems to-, be minimal. No 'parameter changed its sign; moreover 
magnitude changes in, parameters were -not very large. However, some 
exceptions should be noted. Consumption function parameters changed 
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slightly despite the endogeneity of personal disposal income, and the 
investment equation (in the case of 2SLS-PC) deteriorated due to 
strong multi collinearity. This latter is reflected by a high overall 
fit and poor parameter estimates on output and capital as well as the 
output gap. Estimates in the context of the export sector were 
similar for'both estimation methods and no apparent difference was 
discernible in the import equations. Estimated output elasticities, 
with respect to labour and capital, were nearly the same for both 
methods despite the endogeneity of both capital and labour. The 
employment equations were not very different in both estimation 
methods except that the coefficient of output in agricultural 
employment changed sign from negative to positive in the case of 
2SLS-PC. Similarly, parameter estimates of prices, taxes and money 
did not differ widely. 
- The 2SLS results show that OLS estimates dot not suffer from an 
acute inconsistency bias. The numerical discrepancy between the two 
sets of results is minimal and does not warrant abondoning the OLS 
estimates in favour of more complex estimation methods. 
5.151 Conclusion 
In this chapter we presented partial estimates of structural 
relations at the sectoral level for the Algerian economy from 1963 to 
1984'. Host of the behavioural equations were subjected to a powerful 
diagnostic testing routine. The majority of these equations passed 
the tests at the 5Z level or higher, though in a few cases strong 
multi collinearity pevented the establishment of sound relationships. 
The test statistics were used to diagnose possible misspecification 
and to evaluate a wide range of empirical claims, based on the 
general formulations-developed in the previous chapter. 
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The specified equations produced a wealth of information on 
parameter estimates and the associated dynamic adjustment in the 
Algerian economy. These estimates are of great importance because 
they represent first-time results regarding the quantitative 
relationships for the Algerian economy. The main parameters, with 
dynamic implications, are given in Table (5.2]. The estimates are 
also integrated in the complete system analysed in Chapter Six. 
In this chapter the results that could be extracted from these 
estimates, which are numerous, are detailed. The long-run marginal 
propensity to consume was 0.8 and the income multiplier was 0.9. The 
investment backlog after the planning period varied greatly between 
sectors, and was lowest in the transport sector (4.2Z), and highest 
in the construction industry (33. OZ). The import price elasticities 
reflected the fact that most of the goods imported are complementary, 
with the exception of consumer goods. Exports also showed some 
sensitivity to' relative prices. Import income elasticities showed 
that imports increase with expansion in the economy, with the 
exception of food imports. output elasticity, with respect to labour, 
varied substantially across sectors and was highest in the 
agricultural sector (0.72) and lowest in the construction sector 
(0.56). These estimates were derived from a constant returns to scale 
Cobb-Douglas production function. 
Nominal aggregate wage rates followed a 'Phillips curve modified 
for incomes policy, with an implicit trade-off between unemployment 
and wage inflation, though^the equation was augmented for price 
level. Employment equations showed significant response both to real 
output and capital; however the impact of sectoral wage rates was 
limited. The 'impact of capital stock on job creation was, in most of 
the sectors, 'delayed by up to three time periods. This probably 
reflects the technical aspect of capital accumulation in Algeria, 
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which is usually described as capital intensive and based on 
large-scale industries. The structural aspects of price inflation 
are summarised by the parameter estimates of eleven price deflator 
equations. In most price equations, the import price deflator has 
significant positive impact, though with an elasticity less than one. 
Moreover its impact on the consumer price index was lagged, probably 
reflecting the effects of subsidies that delay the transmission of 
world inflation to domestic prices. The interdependence between 
sectoral output deflators was summarised by the price index of 
intermediate inputs, which was calculated from various input-output 
tables. The expenditure deflators were pivoted around output 
deflators. 
The parameter estimates of the monetary and fiscal sectors 
provided the main bulk of the information on the structural features 
of the budget balance and the money supply. Current government 
expenditure was treated as exogenous and was used as a policy 
instrument in Chapter Seven to assess different government 
expenditure policies. Public revenue was determined mainly by the tax 
base, and the implied long-run tax elasticities ranged from 1.07, in 
the case of hydrocarbons, to 1.3 for import taxes. The equations 
included the impact of the price of oil and of inflation, as well as 
dummmy variables. The long-run money demand functions were derived 
from the inverse velocity model which yielded estimates of inflation 
elasticity with respect to nominal money demand, and the. estimate. of 
the velocity parameter. In the model money supply is assumed as a 
policy instrument. and monetary policy focuses on the effects, if 
any, of changes in this instruments on output and prices. 
The behavioural equations were supplemented by a series of 
identities and variable definitions vhich enhance the model's ability 
to describe the Algerian macroeconomy. The system's characteristics 
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are analysed in Chapter Six, and are then used to investigate 
macroeconomic policies for Algeria. 
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Chapter-Six 
Model Simulation and Validation 
r6.11 Introduction 
Having specified and estimated the model, it must be validated 
before it is used for policy analysis and forecasting. In fact, some 
of the validation procedures have been described in the previous 
chapter, on individual equations of the model using a battery of 
test statistics. Because the model is non-linear and simultaneous 
(which means it could be solved only by using numerical methods) 
there is no guarantee that well defined equations will produce a 
good model if solved as a system of equations. 
The final version of the model was inevitably a compromise between 
estimation and simulation, in the sense that equations which 
displayed a satisfactory fit on an individual basis, did not perform 
well when the system was simulated as a whole, and vice versa. 
. In Section [6-2] we discuss the role of simulation in this thesis. 
This is followed by a short section on the actual model structure and 
methods of solution. Validation techniques and model performance 
statistics using the output from simulation are summarised in Section 
(6.4], and -the results are then given for the major economic 
aggregates. ' Full results will be given in Appendix F. 
Simulation techniques for model validation do not escape the 
controversy, surrounding macroeconomic models in general (which-was 
discussed in -Chapter Two). However, to reduce the chances of 
developing a flawed model, we used a wide range of model validation 
techniques. - 
The model was simulated from 1967 to 1984, using both static and 
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dynamic simulations. The latter was thereafter called the control 
solution. Validation statistics from the model simulation were first 
analysed then compared with single equation simulation statistics 
and with a naive ad hoc benchmark model, to determine a bottom line 
f or the model Is accuracy. Sensitivity analysis of the model was 
conducted'by varying the starting value of the simulation and also 
by varying some parameters which are thought to be critical in the 
model. The'model was then re-estimated with a shorter sample period, 
to obtain an ex post forecast analysis of the model. The dynamic and 
long run properties of the model were examined using the ex ante 
solution which is described in Chapter Eight. To obtain a general 
feeling for the'modells performance, and to study the tracking of 
turning points, -the static and dynamic simulated values are shown as 
graphs, with their actual values, in Appendix F. Multiplier analysis 
of the model will be investigated thoroughly in the next chapter, 
where selected types of multipliers are presented for the purpose of 
checking the model's consistency and policy analysis. 
J-6-21 Si=lation methods 
The purpose of the simulation is to provide both a computationally 
convenient solution ý to our set of equations, especially in view of 
the time lags and non-linearities involved, and to enable us to 
evaluate the system as, a whole in a dynamic context. Simulation 
techniques therefore have three distinct roles in macroeconometric. 
modelling. First, they permits a numerical evaluation of the model, 
as is demonstrated in'this chapter; they also permit the calculation 
of a wide range of economic policies, which is the theme of Chapter 
Seven; and finally, simulation can produce forecasts regarding the 
future of the economy as is explained-in'Chapter Eight. 
Simulation is the mathematical solution of a system of equations, 
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given parameter estimates, exogenous variables and initial values. 
Although estimation of the model's parameters requires only linear 
methods, the model is in fact non-linear in variables, because of the 
presence of identities and variable definitions. Behavioural 
equations are specified to be linear in the logarithms of variables, 
whereas identities relate the same variables linearly. Nominal 
magnitudes and relevant price deflators typically appear in different 
equations of the model, representing separate variables linked by 
non-linear identities. Therefore, model solution requires techniques 
that deal with a non-linear system of equations. 
Throughout Chapters Four and Five we were concerned with the 
specification and estimation of the different model equations using 
single equation techniques. The general form of the single equation 
was : 
r8 
yt -a+ jjbjyt-j +j0 cjxt-j + ut (6.11 
where yt is the vector of the endogenous variable, and xt the matrix 
of exogenous variables. The main interest was to determine the lag 
length, r and 9, and the parameters a, bj, and cj. Having estimated 
all the relationships, the total number of equations (identities are 
regarded as equations with parameters set to one and error term to 
zero) ,- could be represented by a non-linear system of equations. A 
convenient general notation for the structural form is: 
F(yt-0 Zto fl - Ut 16.2] 
where F is a vector of functions having as many elements as the 
vector Yt, all preditermined variables are collected in the vector 
Zt, and (b, is a vector of parameters which contains the dynamic 
reaction coefficients of the economic system and the coefficients of 
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reaction between variables Xt and Yt. 
In linear macroeconomic models, simulation amounts to an 
evaluation of the time path for Yt from the solution form(l). In the 
non-linear case, simulation could be explained by assuming that there 
exists, implicitly a single inverse relationship: 
Yt - G(ut, zt, (b) [6.3] 
analogous to the reduced form iný the linear case. Deterministic 
simulation ignores the impact of the random error term, written 
implicitly as: 
Yct - G(O, Ztt 4)) (6.41 
This deterministic solution is obtained as the numerical solution, to 
the desired degree of accuracy, of the equations: 
F(Yctt Zt, 0)-0 [6.5] 
Computing algorithms use a variety of iterative methods to solve the 
above system of equations. Even in the case of linear models, the 
actual computation costs of evaluating matrices are actually higher 
than when using iterative numerical methods, except in simple cases 
such as completely recursive models. 
16-31 Model solution and orderina 
We had the choice of employing f ive' iterative solution methods: 
Newton, Gauss-Siedel, Jacobi, Gauss-Newton, and Fletcher-Powell. They 
are all implemented in Time Series Processor (TSP) of Hall (1983) 
version 4.1A. All five methods solved the model. The model did 
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encounter problems of memory space and data storage on a CDC machine, 
but it was successfully solved on a virtual memory machine(2). Actual 
results were obtained using the Fletcher and Powell (1963) method 
because it does not require the storage of all intermediary 
simulation data. 
The TSP package also supports an ordering algorithm which sorts 
the model into recursive and simultaneous blocks for solution. The 
block recursive ordering of the system is formed by operations on the 
adjacency matrix of the system, a matrix of ones and zeros 
relating the dependent variables in the system to the equations in 
which they 'appear. The procedure and the algorithm is described in 
Stewart (1962). In general, the method involves viewing the adjacency 
matrix as a network and systematically seeking closed loops 
which define systems of simultaneous equations. Such an ordering 
provides information on the structure of the model to be used both 
for increasing understanding of the interdependence s in the model 
and for solving the system in the most efficient manner. 
The Fletcher-Powell method, which is a gradient method, is 
implemented in TSP to find solutions to simultaneous models by 
solving them one block at% time in the order specified (see Appendix 
D). First, a recursive block is computed, then the variables thus 
obtained are used as input to the next simultaneous block. After a 
solution is obtained for that block, the values of the variables 
solved thus far are used as input to the next recursive block, and 
so forth. Each simultaneous block is solved using the 
Fletcher-Powell algorithm, which minimises the sum of squared 
errors from each equation and uses numerical derivatives of the 
model. Because the model was ordered in blocks, this method is 
equivalent to solving the whole model simultaneously. 
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'The 63 equations of the model were ordered into 15 blocks, 44 
equations were considered as recursive, and 19 equations as 
simultaneous. In turn, these blocks were ordered into nine recursive 
blocks, eight of which included simultaneous equations. This 
structure was exploited by the algorithm to obtain a sufficient 
solution time and convergence. It required 139 substitutions to 
obtain -the final solution, and, in each substitution, the average 
number of iterations was three. It took 15 seconds CPU to obtain a 
solution. The simulated value of the model will be used in analysing 
the model's performance in the next section. 
16.41 Model validation and-performance 
Ha, Ang constructed a satisfactory model, we shall now consider 
whether it can be considered to be a reliable tool for the uses to 
which we intend to put it in this thesis. 
in general, -according to Pesaran and Smith (1985), -applied 
econometric work can be-evaluated in terms of three criteria. First, 
the , model should be relevant to the required purpose. Second, 
it-'should be consistent with what we know about the phenomenon under 
consideration and should not generate contradictions regarding 
numerical and theoretical consistency. Third, it should be an 
adequate representation, of the phenomenon being studied. 
We hope the issues of adequacy and relevance were solved in the 
process of -specification and estimation of the model-, discussed in 
Chapters Four and Five. In' this chapter'- the overall numerical 
consistency of the overall model will be investigated using 
simulation techniques. 
I There are no hard and fast criteria for evaluating non-linear 
186 
models. However, the general testing and evaluation procedures used 
for this purpose are derived in Pyndick and Robinfeld (1981), and 
Drhymes et al (1975) and Klein (1983a). Using Drybmes et al's (1975) 
analogy, these statistics are classified into parametric and 
non-parametric performance measures which are computed following 
model development phases. During model development, parametric 
tests are employed in the specification of the model's relations, 
which ensure that a coherent model has been properly developed. 
Non-parametric statistics are measures of the model's tracking 
performance, derived from simulation error. The crudest measure is 
Mean Error (ME), which is not a good guide to close tracking of 
actual data because overprediction and underprediction tend to cancel 
out. -Alternatively Mean Absolute Error (MAE) or the Root Mean Square 
Error'(RMSE) statistics could be used. RMSE is preferred to MAE 
because the latter may give a false picture of the accuracy of a 
simulation process inasmuch as it may be close to zero if large 
positive errors tend to outweigh large negative errors. Both RMSE and 
MAE depend on units of measurement. To compare error across different 
variables, and possibly across different models, one could use Root 
Mean Square Percentage Error (RMSPE) which expresses RMSE as a 
percentage of the mean values of the endogenous variable under 
consideration. Both R14SE and RHSPE have a lower limit of zero, 
corresponding to perfect tracking for the endogenous variable 
concerned. Generally, RMSPE will be preferred to RMSE for the simple. 
reason that a unit free measure is easier to interpret. However, if 
the observed value of Yt is typically small or volatile, as in the 
case of Balance of Payments (BOP) or'inventory investment, the RMSPE 
is not recommended. 
The scaling of the MSE gives the Theil (1971) inequality 
statistics UM which is also independent of measurement' units. 
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This statistic can be decomposed into additive parts, indicating 
sources of simulation error. The inequality proportions, UM, US 
and Uc, are called the bias, the variance, and the covariance 
respectively, and they are useful as a means of decomposing the 
simulation error into its characteristic sources. Um indicates 
systematic error, since it measures the extent to which the average 
values of the simulated and actual deviate from one other. A large 
value of Um indicates that the model needs revision. Us reflects the 
model's ability to replicate the degree of variance in the variable 
under consideration. If Us is large, the model needs revision. Uc 
reflects the unsystematic error, i. e the remaining error after 
deviations from average values and average variabilities. 
All these measures equal zero if the the forecast is- perfect, and 
tend . to increase with large errors. Another useful tracking 
performance statistic is based on the average - relation between 
actual Yt and the simulated values of Yct: - 
Yt - of + #Yct [6.6] 
In the case of zero error,, oý-O and P-1. These values could - also 
result if errors were distributed about the 45* line of the scatter 
diagram where Yt Yct- The parameter estimate of P would give the 
measure and direction of the bias. Dispersion about the line of 
perfect- relationship would be measured, by the conventional 
coeficient of determination R2. 
- All these tracking performance criteria were computed for 
differentýsimulation runs to highlight model characteristics and try 
to- uncover potential deficiencies. ,, The above performance criteria 
might give conflicting results, such as low RMSE but bad model 
sensitivity, or failure to track some turning points. In fact, no 
188 
formal loss function is attached to each criterion that permits the 
implemention of such a trade-off, ýecause the whole process of model 
building-and, modelling is to some extant an art. 
As the model under consideration here is large, primarily due to 
disaggregation, the output generated from these simulations is very 
large and must be compressed to make the process of evaluation as 
simple as possible. We will concentrate on macroeconomic aggregates 
that are, in fact, a synthesis of the sectors tracking performance 
because they are simply the sum of these sectors, such as GDP which 
is the sum of expenditure, or the unemployment rate which combines 
all the employment equations and the labour supply within one 
identity.. This will' simplify model analysis, however, results are 
given in full in Appendix F. The model was simulated over 18 years 
(1967-1984), after allowing for four lags to be used as starting 
values. All the variables are measured in real terms. 
r6.4.11 Static simulation 
Starting with the outcome of the static simulation, Tables (6.1] 
and [6.2] show the tracking, measures of the main aggregates in the 
model., At first glance the balance of payments (BOP) exhibits large 
errors. The RMSE equals 5.6 billion Algerian Dinars'which corresponds 
to a RMSPE which ig 911 of the average of the BOP, a U(1) near 
unity, and a low R2.0.49. The RMSPE is not a good statistic because 
the BOP average is biased due to sharp swings in this variable. If 
we take-the RHSE as a, percentage of GDP the RMSPE drops to 8.9Z. The 
decomposition of the Theil inequality statistic UM shows that the 
fraction of error due to-covariance, UC-0.776, reflects the fact that 
the major part, of the error is not systematic and could not be 
corrected by altering the specification of the trade-sector. This is 
further- reflected in the performance of both total exports and 
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imports. The low U(1) and the high RZ show that the level of both 
imports and exports is acceptable. This result is not surprising 
given that balance of payments are generated from an identity. The 
BOP is notoriously difficult to simulate since it is an aggregate of 
other items which can be quite volatile. 
Table 6.1: Simulation tracking performance for control 
solution (static simulation) 1967-1984 
Variable RZ U(i) UM Us Uc 
Consumption 1.007 0.98 0.028 0.002 0.015 0.983 
Import 1.007 0.98 0.008 0.396 
'0.009 
0.595 
Exports 0.890 0.84 0.012 0.005 0.005 0.990 
Investment 1.039 0.99 0.008 0.430 0.088 0.482 
Inventory 1.983 0.86 0.037 0.009 0.022 0.969 
GDP 0.873 0.96 0.007 0.022 0.262 0.716 
Output 0.999 0.97 0.008 0.613 0.002 0.385 
Employment 1.076 0.99 0.005 0.759 0.174 0.067 
Unemployment 0.880 0.78 0.043 0.523 0.000 0.477 
Money 0.844 0.96 0.099 0.041 0.382 0.577 
CPI 1.000 0.99 0.003 0.001 0.000 0-999 
Wage Rate 1.006 0.99 0.022 0.003 0.015 0.982 
GDP Deflator 1.060 0.99 0.012 0.000 0.394 0.606 
Budget 0.961 0.93 0.135 0.037 0.000 0.963 
BOP 0.594 0.49 0.941 0.186 0.038 0.776 
Other than the difficulties in simulating the BOP the model's 
tracking performance is fairly acceptable. In all, the value of R2 
was more than 0.8 (except for the unemployment rate which had a 
coefficient of 0.78). Some conflicting results do occur between the 
low error and high bias error fraction. For example total investment 
has a correlation of 0.99, but the bias fraction exceeds 40Z. The 
same contradiction arises in the case of total employment, total 
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output, total imports and unemployment. This probably reflects the 
fact that the small error fraction exhibit a systematic trend. Given 
its small size, however, it could be ignored. The RMSPE measures the 
extent of tolerable fraction of error (Table 6.2). For example, 
Challen and Hagger (1983) give 5Z as the error margin target that one 
could'hope to achievo. For this static simulation, only the consumer 
price index and total employment had RMSPE less than five per 
cent'. Most of of the other aggregate had RMSPE of between 51 and 
10Z. The RMSPE of GDP was 7.14X, corresponding to an error of 4.6 
billion Algerian Dinar's-ft AD). Output, employment and exports all 
had a RMSPE of slightly more than 12Z. However, the volatility of 
inventory investment meant a poor tracking performance which 
could not be altered further by adjusting the equation because 
the covariance proportion, UC of U(1) was 0.97, indicating that the 
error is mostly non-systematic. 
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Table [6.2]: Tracking performance of the model 
(static sinallation) 1967-1984. 
RMSE RMSPE 
Consumption 36.6 2.9 
Import 1898.2 9.1 
Export 3504.3 12.9 
Investment 2369.3 11.0 
Inventory 561.9 29.7 
GDP 4575.0 7.1 
Output 6307.3 12.2 
Employment 122.7 4.8 
Unemployment 2.7 12.3 
Money 4177.0 10.7 
CPI 3.5 1.9 
Wage rate 0.7 6.8 
GDP Deflator 10.9 8.6 
Budget 1783.1 11.0 
BOP 5688.6 - 
Average 10.1 
The measumrment units of the RMSE are different across 
equations: for example consumption is measured in Dinars; 
unemployment is in number of employees; the unemployment rate is 
measured in percentage points; and the price indices in index points. 
For the remaining variables however, measurment. units indicate 
billion of Algerian Dinars. The average value of the RMSPE given in 
Table (6.2]. is 10.12Z. Considering the size of the model and the 
fact that the Table mostly reflects identities that aggregate many 
variables, overall tracking performance could be regarded as 
acceptable, In fact, if the inventory investment RMSPE is excluded, 
the average RMSPE drops to S. U. 
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r6.4.21 Dvnamic si=lation 
Dynamic simualtion is known to perform less accurately than does 
static simulation because lagged dependent variables are generated 
from the model as the simulation progreses. Errors therefore tend to 
increase with the time horizon of the simulation. However, the 
dynamic simulation performance is the real test of a model's tracking 
performance because, in every iteration, lagged dependent 
variables are generated from current period simulated variables. 
Therefore the model uses only exogenous variables and parameter 
estimates as input to obtain the solution. A comparison of static 
and dynamic simulation will identify the impact of lagged dependent 
variables on the solution. Tables [6.3] and [6.4] give the main 
simulation statistics. 
The value of R2, between simulated and actual values, indicates a 
value above 0.8, except in the case of BOP and unemployment. 
However, this high value does not mean a low RMSE or RMSPE. For 
example, in the case of per capita real consumption R2.0.96, a figure 
high enough to reflect good performance; however, the corresponding 
RMSPE was 9.5X, which is quite high if compared to R2. This is so 
because these measures are computed an a different basis (see Klein, 
1983a for a discussion). The coefficient 0 gives the direction of 
error bias (overprediction if 0<1 or underprediction if P >1 ). 
The cofficient ft indicates that, in most cases, high bias U. and 
variance Us error fractions are caused by overprediction (16<1) except 
in the case of the unemployment rate. The deterioration of errors in 
this variable could be attributed to error feedback from employment, 
where the RMSPE incriased from 4.8Z in the static simulation to 7. OX 
in the dynamic simulation. This is probably due to the long lags of 
output and capital included in the employment equations which are now 
generated within the model. The increase in errors in the 
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unemployment rate led to an increase in the wage rate RMSPE, from 
6'. 78Z to 12.48Z, which in turn led to an increase of errors in 
personal disposable income leading to three times the error in 
personal consumption which was 2.9Z. Error propagation from the 
unemployment rate therefore created a feedback error flow from the 
supply side to the demand side of the model via the wage rate. 
Table [6.3]: Simulation tracking performance for the 
control solution (dynamic simulation) 1967-1984 
Variable R2 TJ(J) U 9m US UC 
Cons=ption 1.348 0.96 0.092 0.374 0.466 0.160 
Import 1.033 0.97 0.019 0.779 0.017 0.204 
Exports 0.973 0.84 0.012 0.074 0.018 0.908 
Investment 1.057 0.98 0.009 0.478 0.127 0.395 
Inventory 1.031 0.82 0.057 0.451 0.044 0.505 
GDP 0.929 0.95 0.007 0.014 0.040 0.946 
Output 1.075 0.96 0.011 0.760. 0.048 0.192 
Employment 1.126 0.99 0.007 0.720 0.202 0.078 
Unemployment 0.850 0.56 0.066 0.594 0.012 0.394 
Money 0.948 0.97 0.065 0.013 0.053 0.934 
CPI 1.013 0.99 0.004 0.007 0.079 0.914 
Wage Rate 1.060 0.98 0.044 0.363 0.171 0.380 
GDP Deflator 1.086 0.99 0.013 0.002 0.556 0.442 
Budget 0.928 '0.94 0.123 0.138 0.036 0.826 
BOP 0.528 0.45 1.130 0.308 0.058 0.634 
BOP* 1.001 0.996 0.051 0.046 0.002 0.952 
The RHSE of BOP increased by more than one billion Algerian 
Dinars, from 5.6 to 6.8 billion Dinars. The RMSE of total imports 
increased by 2.2 billion Dinars, raising RMSPE from 9.08Z to 19.64Z. 
However, total export errors did not increase. The RHSPE of 
inventory investment errors increased by more than IOX compared to 
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static simulation because total imports are lagged in this equation. 
On the other hand, real investment errors increased by only 1Z, 
compared to static simulation, which is mostly explained by exogenous 
planned investment 
Consumption 
Import 
Export 
Investment 
Inventory 
GDP 
Output 
Employment 
Unemploymew 
Money 
CPI 
Wage rate 
GDP Deflator 
Budget 
BOP 
BOP* 
Average 
Table [6.4] Tracking performance of the model 
(dynamic simulation) 1976-1984 
RMSE RMSPE 
118.3 9.5 
4106.6 19.6 
3590.8 13.2 
2719.1 12.7 
842.3 36.8 
6307.3 9.8 
4575.0 8.9 
181.7 7.0 
4.2 20.9 
2749.5 7.1 
4.5 2.6 
1.4 12.6 
11.7 9.3 
1§26.4 10.0 
6855.4 - 
238.3 10.2 
- 13.1 
All these -increases in errors in terms of total expenditure seem 
to be offset by the -increase in total imports. Hence, the RMSE of GDP 
increased from 4.6 billion Dinars in static simulation to 6.3 billion 
Dinars, which represents a P14SPE of 9.85 X. Total output, real 
balances (money) and the budget balance in fact each impoved their 
tracking performance. The PHsPE of the consumer price index 
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increased only slightly and the wage rate RMSPE doubled to 12.58 X 
due to errors that carried over from the unemployment identity. 
Overall the model's performance, as judged by dynamic simulation, 
is good though slightly worse than in the case Of static simulation. 
Average RMSPE increased from 10 1 to 13 X; however, when the RMSPE 
of inventory investment was excluded the average RMSPE dropped to 11 
1. The obtained mean RMSPE figures have to be viewed with the 
understanding that the model is only in a very early stage of its 
development. In fact most of the LDC models surveyed in Chapter Two 
displayed higher error rates, probably because they represented the 
first attempts made at modelling their respective economies(3). 
-The , BOP tracking performance could be improved drastically by 
adopting error adjustment methods, which are commonly used in fine 
tuning models' ex ante forecasts. We took the static simulation error 
and added it, to the BOP identity under dynamic simulation. The result 
was that the-RMSE of BOP* declined from 6.9 Billion Algerian Dinars 
to just 0.39 Billion Algerian Dinars. However, this method improved 
the tracking performance of the model considerably, and thereby 
removed the only deficiency in the model's numerical tracking 
performance. 
r6.4.31 Single equations performance comparaison 
Another'aspect of model validation consists of comparing the error 
statistics obtained from simulating the equations separately with 
statistics from model simulation (Table [6.5]). In the case of static 
equations, simulation of separate equations would produce the 
familiar prediction error; however, if the equations are dynamic, the 
simulation error 'would be different from the prediction error 
because lagged dependent variables are generated internally. This 
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exercise would assess the impact of the system solution of the 
different equations that stems from putting the equations together. 
In fact it tests whether the endogeneity introduced in the model 
tends to increase errors, and also traces out which equation 
generates errors more than single equation simulation error. 
Table [6.5]: Single equation simulation and the 
control solution compared 
Variable Control Single equation 
U(1) U(1) 
0.028 0.030 
Wage Rate 0.022 0.022 
Manufacturing Investment 0.002 0.002 
Agricultural Output 0.007 0.007 
Transport Employment 0.007 0.006 
Hydrocarbon Investment 0.010 0.011 
Manufacturing Price Index 0.006 0.007 
Investment Price Index 0.005 0.004 
Food Imports 0.012 0.128 
Consumer Price Index 0.003 0.003 
Hydrocarbon Exports 0.015 0.006 
Imports of Equipment 0.017 0.016 
Oil Taxes 0.013 0.010 
Indirect Taxes 0.009 0.009 
Table [6.5] represents only a sample to illustrate this exercise; for 
example, within the consumption function, although personal income 
is endogenous, U(1) is slightly better in system simulation. Also, 
errors could be transmitted from the wage and total employment 
equations, which link the major equations of the model to the 
consumption function. This shows that at least this path does not 
generate larger errors than does the single equation U(1). By 
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inspecting the sample of U(1) in the table above, it is clear that 
the model does not generate a loop of errors that spills over into 
the model. Most of the discrepancies between single equation and 
system U(l) are not large. 
16.4.41 Sensitivity analysis 
Model solution is conditional on starting values and parameter 
estimates as well as on the specification of the equations. To 
guarantee that the solution is not drastically dependent or too 
sensitive with regard to these conditions, some sensitivity analysis 
(Tables 6.6 and 6.7) was carried out. The model sensitivity to 
starting period is measured by the Theil's inequality test U(1) for 
four different starting periods. 
Consumption 
Import 
Export 
Investment 
, Inventory 
GDP 
Output 
Employment- 
Unemployment 
Money 
-'CPI 
Wage Rate 
GDP Deflator 
Budget 
Trade Balance 
198 
Table [6.6] Sensitivity of the model 
to a change in solution time period 
68-84 70-84 75-84 80-84 VX 
0.118 0.120 0.117 0.085 15.7 
0.018 0.018 0.016 0.014 10.8 
0.012 0.012 0.013 0.005 33.2 
0.009 0.009 0.010 0.013 18.2 
0.055 0.052 0.052 0.047 6.4 
0.007 0.007 0.007 0.009 12.1 
0.011 0.010 0.010 0.010 3.7 
0.008 0.008 0.008 0.008 4.8 
0.068 0.072 0.082 0.068 9.1 
0.072 0.073 0.071 0.018 45.3 
0.004 0.004 0.005 0.002 36.3 
0.045 0.044 0.042 0.022 27.6 
0.017 0.013 0.013 0.013 13.1 
0.119 
1.239 
0.117 
1.228 
0.779 0.236 101.0 
1.276 1.813 20.4 
To su=arise the variation in, U(l) we computed Vx, the coefficient of 
variation (the percentage of standard deviation to the mean). It was 
f ound that nearly all variations are caused by the impact of column 
four (simulation of 1980-1984). For example, if we exclude this 
column, the coefficient of variation of exports drops to 4.99Z from 
33.2Z. The same holds for money, where Vx drops from 45.281 to just 
1.321, and for all other variables except the budget balance, where 
the third simulation had a different U(1). This phenomenon probably 
reflects changes witnessed by the Algerian economy during 1980-1984 
as a consequence-of the economic reforms of the First Five Years Plan 
detailed in Chapter Three. The balance of payment U(1). is very high 
in all simulations which at least excludes the initial values as 
being the cause. 
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The sensitivity of the model's solution to parameter estimates 
(Table 6.7) is measured by comparing U(l) of the shocked 
simulations to the control simulation. Given that for only a few 
parameter changes, the output to be analysed is quite considerable, 
we confine ourselves to the main observed changes. Some parameters 
were changed by adding half of the estimated standard error to the 
parameter value. Eight simulations were carried out for the following 
parameters: 
Table [6.7] Parameter sensitivity test 
Equation Parameter From To 
Run 1 Consumption Ydt-1 0.731 0.428 
Run 2 Oil taxes Qht 0.544 0.636 
Run 3 Capital imports it 0.498 0.614 
Run 4 Currency demand Apyt -0.396 -0.471 
R un 5 Consumer price Pat 0.169 0.196 
Run 6 Agricultural price Pmt 0.501 0.560 
Run 7 Hydrocarbon output Kh 0.565 0.602 
Run 8 Wage rate Unt 0.473 0.673 
The I parameters were chosen as a random sample; however, they were 
drawn from each sector of the model in order to obtain an adequate 
representation. The objective here was to ascertain the model's 
sensitivity to particular parameter estimates. 
To assess the impact of parameter changes we calculated the 
average U(l) for each run and the percentage of the total U(l) across 
all the eight runs, accounted for by a given parameter change. On the 
basis of this sample, there were two parameter changes that accounted 
for 522 of total U(1); the remaining six runs each accounted for 
about 8Z of total U(l), which indicates that they are not sensitive 
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as far as the model solution is concerned. 
The pertubation of the total real investment coefficient. It 
' 
in 
the capital imports equation (Run 3) accounted for 30 X Of total 
U(1). This increase in the error of capital imports was fed into the 
model through the GDP identity which allows the error to spread to 
many-equations within the model; however, this does not cause a 
deterioration in the model since it represents a negligible fraction 
of the error. Though the BOP U(1) increased considerably, this does 
not feed back into the model because the BOP is recursive in the 
model (see model ordering in Appendix E). In fact, if we exclude the 
BOP identity, the error contribution falls to a negligible fraction. 
The excessive increase in U(1) might indicate the source of 
misspecification is in the import equation that led to a 
deterioration of the balance of payments. However, the problems in 
this - latter instance seem not to be generated by the imports side 
because, when the model was simulated with imports exogenised, the 
same low tracking performance was reproduced although with slightly 
better results. 
-The second largest error fraction in total U(1) was 22 Z which was 
caused by the coefficient of capital stock, Kht, in the hydrocarbon 
equation (Run 7). The impact of the change in this coefficient is 
transmitted via oil taxes to the budget balance and via hydrocarbon 
exports to the BOP identities. its impact was limited because both 
identities are recursive in the model. 
Overall no major change was produced and, more importantly, no 
numerical errors were generated which leads to the conclusion that 
the model's specification is quite, robust and resilient to parameter 
changes. This could also be regarded as a crude test of the 
plausibility of the OLS estimation method. 
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_r6.4.51 
Ex post-forecast (1980-1984) 
The model's tracking performance as regards ex post forecasting, 
as measured by U(l) and for both static and dynamic simulations for 
the period 1980-1984 is given in Table [6.8]. As was pointed out in 
Chapter Five this does not represent a genuine forecasting test 
because the equations were estimated for a shorter sample period 
(1963-1979) only after specification for the whole sample was 
completed. This was due to the small sample and the subsequent 
degrees of freedom Problem. Nevertheless, it is hoped this exercise 
will shed some light on the model's forecasting performance 
Table 6.8: Ex post forecast, 1980-1984 
U(l) 
Variable Control Static Dynamic 
Consumption 0.092 0.025 0.031 
Import 0.019 0.076 0.059 
Exports 0.012 0.054 0.090 
Investment 0.009 0.137 0.137 
Inventory 0.057 0.218 0.150 
GDP 0.007 0.071 0.085 
Output 0.011 0.020 0.038 
Employment 0.007 0.011 0.008 
Unemployment 0.066 0.089 0.061 
Money 0.065 1.824 2.764 
CPI 0.004 0.019 0.023 
Wage Rate 0.044 0.050 0.076 
GDP Deflator 0.013 0.019 0.013 
Budget 0.123 1.401 2.214 
BOP 1.130 7.79 7.193 
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The model appears to be sensitive to the estimation period and 
does not forecast well as far as the BOP, budget and money are 
concerned. The source of the error in the case of BOP might be the 
non-linear trade balance identity. The forecast as regards exports 
and imports in real terms under dynamic forecast simulation is quite 
good as judged by U(1). However, when combined in the BOP 
identity, the tracking performance deteriorated sharply. The errors 
are therefore generated and cumulated within the BOP identity. The 
money identity is also a complex mathematical expression and if we 
examine its componenis it might be possible to identify the source of 
error. Tracking the U(1) for the dynamic ex post forecast 
simulation, the currency demand, demand deposits, and time 
deposits were 0.032,0.08, and 0.303 respectively. These figures are 
much lower than the statistics for total money demand. This 
phenomenon is also true for the budget balance, where U(1) of the tax 
components does' not exceed 0.09. Despite the fact that investment 
and inventory investment forecasting performance deteriorated as 
compared to the' control solution, the performance of GDP is quite 
acceptable. 
r6-4.61 Benchmark comparison 
It is interesting to compare the simulation errors of the control 
solution with certain naive extrapolation rules that are not based on 
economic theory. We thus computed three. naive. models which serve as 
benchmarks for performance comparison. The first consists of using 
the familiar 'no change' model vhere: 
AYt - Yt - Yt-1 -0 (6.7] 
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The second benchmark is the exponential model which assumes a 
constant growth rate e for Yt: 
Yt - A. eft [ 6.8 ] 
The third model is the the exponontial trend model with a lagged 
dependent variable: 
Ln(Y)t -a+ Ot + yLn(Y)t_l (6.9] 
This last model was termed dynamic in Table [6.9]. The tracking 
performance of this naive dynamic model was expected to be fairly 
good because it combines the trend, which is present in most 
macroeconomic variables, and a lagged dependent variable which might 
capture the fluctuating portion of the variable. Most of the 
macroeconomic aggregates in the model are trending variables, and it 
was therefore expected that naive models would have as a good fit as 
more sophisticated models. In fact, in the case of consumption, 
output, and total employment, the model has higher errors than 
trend and dynamic naive models. 
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Table 6.9 Comparison of the tracking performance 
of the control solution and benchmark naive models 
Variable Control No Change Trend Dynamic 
Consumption 0.092 0.536 0.037 0.035 
Imports 0.019 0.016 0.017 0.016 
Exports 0.012 0.019 0.011 0.011 
Investment 0.009 0.019 0.019 0.014 
Inventory 0.057 0.099 0.078 0.078 
GDP 0.007 0.008 0.006 0.005 
Output 0.011 0.009 0.004 0.004 
Employment 0.007 0.007 0.003 0.003 
Unemployment 0.066 0.041 0.024 0.023 
Money 0.065 0.135 0.094 0.091 
CPI 0.004 0.016 0.016 0.009 
Wage Rate 0.044 0.060 0.039 0.032 
GDP Deflator 0.013 0.030 0.018 0.014 
Budget 0.123 0.377 0.449 0.287 
BOP 1.130 0.630 0.813 0.618 
For fluctuating variables it is evident that model performance is 
superior in the case of inventory investment and budget balance. For 
the BOP, model performance is'lower than in naive models. The rest 
of the variables in the models are better than naive models. 
16.4.71 Lone-run proDerties 
The model's long-run properties are of considerable interest and 
in particular it was hoped to learn whether the system would be 
stable when subjected to exogenous shocks, and what oscillations (if 
any) would accompany the return to the equilibrium path. The extended 
simulation approach of Adelman and Adelman (1959) was used to 
evaluate the model in this respect. The dynamic solution path was 
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obtained over a lengthened simulation of 70 periods using the 
forecast database from 1985 to 2037. All the exogenous variables in 
the model were extrapolated using a linear trend model, except the 
price of oil and the exchange rate which were fixed at their 1984 
value. It was hoped that this technique would shed some light on the 
dynamic stability of the Algerian economic system, as well as on the 
existence or otherwise of a static steady state solution. 
In solving the model over the long-run path some of the model's 
dynamic features are revealed. The model is non-monotonic and 
essentially generates a nonlinear path, despite the fact that most of 
the exogenous variables are fitted by linear trend lines. Most of the 
linear monotonic variables were observed in the price, tax, and some 
capital and labour employment blocks. The oscillating variables were 
mostly generated in the investment block, thereby transmitting their 
swings to the corresponding capital, employment and output sectors. 
On aggregate, the model displayed strong swings as regards 
variables and, in the case of others, some monotonic linear 
behaviour. Despite the linear extrapolation of exogenous variables 
the model produced a hint of the oscillation process existing in the 
economy, The model therefore gives rise to the argument that 
periodic cumulative movements are self-generating in the course of 
the growth process. , 
- It remains to be seen whether the economy described by this system 
is stable under large exogenous displacements. To study this point 
the model was simulated from 1967 to 2037 *as above, however the oil 
price, was reduced by 50 X in 1984 and then the shock was removed 
afterwards. The exogenous variable was chosen because of its 
importance in the model, and as it is known that mineral-based 
economies such as that of Algeria are very sensitive to severe shocks 
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in the export sector. 
The Algerian economy was thrown into a very deep recession by 
the sudden drop in real exports. Figure (6.1] represents some of the 
calculated shocked time paths. The restoration of the economy to its 
steady state growth path was achieved after three time periods, and 
in most cases the perturbation did not disapear entirely, but its 
magnitude died out progressively. A strong perturbation in oil price 
will not therefore permanently ' distort the long-run path of the 
economy. Therefore the model is stable. 
'r'0.4.81 Turniniz iDoints 
Finally, we looked at the ability of the model to track turning 
points in the data. From casual investigation of the graphs given in 
appendix 'F, we found that 31 variables have close tracking and 
ýturning point duplication. These variables' are all in the price, 
ýoutput, employment, investment, money and budget sectors. For exports 
of agricultural goods one turning points was missed but otherwise the 
variable was tracked closely* The second group of 23 variables had 
'exa'ct'turning'point duplication but with larger errors than the first 
group., only nine variables in the model had turning points which were 
either missed or falsely predicted. Seven turning points were falsely 
predicted, e'four of which were generated because of the volatility of 
agricultural employment which increased by 211 between 1978 and 1979 
after a decline since 1971. The second cause of false turning points 
was generated in the hydrocarbon exports, because of the sudden 
increase of' oil prices in 1974 and 1979. The number of missed 
turning points amounted to four, all of which were in the trade 
sector. 
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16.51 Conclusion 
When simulated as an entire system the model performed well in 
terms of a range of evaluation criteria, albeit the balance of 
payments identity and inventory investment were significant 
exceptions. This is due principally to their volatility which could 
not be improved further by re-specification of either equation. 
The average static simulation RMSPE was 8-3Z. This statistic 
increased to 11Z in the case of dynamic simulation due to feed backs 
from lagged dependerit variables. Taking into account the fact that 
these statistics are derived from a first version of the model, one 
could comfortably conclude that the model's tracking performance is 
quite acceptable. 
The endogeneity imbedded in the model did not create loops of 
errors in the blocks of the model since single equation performance 
did not deteriorate when the equation were simulated together as a 
system. The model was on the whole insensitive to either starting 
periods or some critical parameters. The ex post forecasting 
performance of the model was acceptable, though some of the model 
aggregate forecasted-badly outside the sample period. 
When the model was compared to three naive models, the performance 
of the model was superior in the case of variables that had 
considerable variability. The benchmark naive model, as expected, 
outperforms in the cases for which the variables exhibit strong 
trend. The long-run solution of the model proved to be not monotonic, 
with the investment block as the major generator of swings in the 
economy. The model could be regarded as stable, though the impact of 
exogenous shock (oil price) does not die out quickly. The turning 
Points duplication in the model is good. The variables that exhibit 
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false turning were those affected by price of oil fluctuations and 
the sudden rise in agricultural employment in 1979. 
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Chapter Seven 
Multiplier-Analysis 
17.11 Introduction 
In this chapter we use the model to derive dynamic 
multipliers with which to assess the dynamic properties of the 
model. as part of the general evaluation procedures, and to ascertain 
if it accords with economic theory and empirical evidence on the 
Algerian economy. This will also help to evaluate the implications 
of the wide range of different policy options available to policy 
makers which might help to solve Algerian development problems and 
facilitate the understanding of the workings of the Algerian 
economy. 
The multipliers in this chapter were calculated from the 
simulation output using the dynamic solution of the model. Most of 
the exogenous variables in the model were changed in order to assess 
their impact on the model. Nine sets of policy multipliers are 
reported in this chapter. 
r7.21 Multiplier methods 
In assessing the effects of different policies, and the 
reliability and consistency of the model, the multipliers are a 
vital analytical tool. In fact, effective policy implementation 
requires full knowledge of the value and timing of these multipliers. 
Dynamic multipliers summarise the dynamic behaviour of the 
model, i. e the model's response over time to changes in particular 
variables (exogenous and parameters). They therefore predict how a 
change in one variable is likely to affect other variables over time. 
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Actual macroeconomic models are non-linear, therefore one is 
unable to derive multipliers analytically. They are, in fact, 
calculated from the output of a dynamic simulation by 
comparing two solution paths for endogenous variables. For given 
initial periods and parameter estimates, and by using a sequence of 
exogenous variables, the model is solved period by period, to yield 
the control solution or base run Yct 11 Then the vectors of 
exogenous variables Xt are replaced by (Xt + 6) and the exercise is 
repeated, giving the perturbed solution or shocked run Ydt* The 
multipliers are calculated as the difference between the two paths, 
normalised for the amount shocked a thust 
Dt - [Ydt - Yct]/B 
If the vector 6 has a single element, 6j equal to one, with all 
other elements equal to zero, then the difference Ydt - Yct is 
simply the dynamic multiplier describing the response of the 
endogenous variables to a unit step in Xt. 
. 
There are two numerical methods for computing dynamic 
multipliers. The first consists of imposing a sustained change 
of, a given amount a in an element of Xt: (Xt + 6). The second, known 
as the impulse multiplier is where an element of Xt is shocked only 
over one period and is then removed. In a stable system, the 
disturbed path eventually converges to the control path Dn -0 (in 
the impulse case), and to Dn -* (in the sustained case). In 
the impulse case, the accumulation of the difference gives the 
dynamic multiplier. However, it might not be equal to the multiplier 
in the case of sustained shocks. Large discrepancies between them 
could be attributed to the size of the shock, 6, or 'to 
stability 
problems of the system. Care must be taken, therefore, in the choice 
of 8, because if a it too small the multiplier value would be biased 
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toward zero. This case arises especially in computing the dynamic 
multiplier by summing differences that result from a one period 
impulse change. If a is too high, there is a risk of generating 
inadmissible data and extreme values. The multiplier Dt need not 
have a positive effect and it may fluctuate around a trend value. In 
fact, in non-linear models, the multipliers depend on the model's 
inputs (parameter estimates, starting values and the size of the 
increase 6), so dynamic multipliers in non-linear models are 
conditioned on the model' s input information. Therefore, no 
unique multiplier value could be computed. At the end of the 
simulation sample (t - n), these converge to the long run 
multipliers. The computation of multipliers using simulation 
techniques could be viewed as a numerical evaluation of the 
derivative of Yt with respect to Xt. In the case of dynamic 
simulation it corresponds to the total derivative because it 
includes direct and indirect effects. 
Simulation can be' conducted over an historical period or a 
forecast ' period. The use of historical simulation can aid 
interpretation of multipliers, because of the a prIorl knowledge 
of policy and economic structure; however, long-run multipliers may 
not be computed properly because 'the simulation period might not be 
long enough to guarantee that all'changes will converge to a steady 
value. Multipliers embody either an implicit or explicit assumption 
regarding policystance. 
Originally ' the concept of multipliers was associated with 
government expenditure in the small Keynesian IS/LM model. In large 
scale macroeconomic models, multipliers take account of model 
dynamics and time delays, simultaneity and non-linearities. 
Furthermore, simulation methods offer the possibility of computing 
the multiplier for complex situations that arise in the real world. 
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It is possible to compute the effects of uneven changes of policy 
variables over time, introduce changes in parameters of one variable 
or replace entire -equations, or remove entire sub-blocks which 
describe certain policy rules. Moreover, all these changes could 
be performed simultaneously. This reflects the fact that policies, 
are in reality, introduced in an irregular way and are spread over 
time. However, in this case one could' not speak of a multiplier, 
rather the Ydt-Yct term would have to be otherwise interpreted. The 
most obvious way is to calculate the Ydt-yct, as above, and express 
it as a percentage of the base run (Wallis et al (1984)): 
Dt - 
(Ydt - Yct) 
17.2] 
Ydt 
The" advantage of. formula [7.2] is that all the shocks could be 
summarised by a unit-free index. For example in the- case of the 
multiplier as defined in formula [7.1] it is meaningless to compute 
the impact on inflation and unemployment of increased government 
expenditure, because the amounts Dt and a have different units of 
measurment, although the most important outcome to be quantified is 
its impact on unemployment and inflation. 
Dynamic multipliers are usually distinguished f rom partial 
elasticities calculated from single equations, since they allow other 
endogenous variables to vary. However, combining the concepts of the 
multiplier and 'the 
. 
analogy of microeconomic demand. models to 
calculate price' and income elasticities, it is possible to 
devise -a measure of dynamic elasticities (Pindyck and Rubinfield, 
1983) 
Ep(r) -- 
Xt (Yt+r -. yt) 
ý [7.31 . 
Yt Axt 
where 7 is the time interval elapsed. This formula predicts how the 
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variable Yt would change over time in response to a change in Xt. 
The dynamic elasticity explicitly recognises that the value of E(7) 
depends on how much ýime has elapsed after Xt has changed. There are 
two numerical ways to evaluate dynamic elasticities. First, they 
could be computed as the multiplier Dt corrected by the ratio Xt/Yt 
or their means, as is usually practised in applied economics. The 
second method (Challen and Hagger, 1983) is to interpret formula 
[7.2) as a dynamic elasticity when Xt is varied by a constant 
percentage r of its level: 
at - r. xt 
As has been pointed out, calculating multipliers using 
macroeconomic models has two distinct functions. First, it serves 
as a tool of model validation in the analysis of the model's dynamic 
properties and its consistency regarding economic theory and 
empirical evidence. In thi s respect., calculated multipliers 
should reflect plausible values regarding certain endogenous 
variables which are known to have a negative or positive value, 
upper and/or lower bound, etc. However, the process of model 
evaluati on using multipliers is hampered by differences in schools 
of thought (Challen and Hagger 1983), and the of lack of. knowledge on 
the economy's structure. The second function is to measure the 
effects of policy, such as monetary and. fiscal policies. in 
this respect, model simulation offers a practical way of policy 
evaluation and measurement. To achieve these goals some classical 
experiments are usually used for the basic evaluation. 
These include experimenting with an increase in government 
expenditure assuming different finance alternatives (e. g. increase in 
taxes, use of high powered money, public debt, etc); changes in world 
activity (usually treated as exogeneous in macroeconomic models; 
imports controls; incomes policy, using dumpy variables or 
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replacing the Phillips curve by a real wage resistance model; 
reducing the rate of income tax, or value added tax by 1OZ; reducing 
interst rates; reducing world oil prices; or by balanced budget 
analysis and a full employment budget 
17.31 Policy Simulations 
In the previous Section. we concluded that multiplier analysis 
ýLnd hypothetical policy analysis are both useful tools for the 
understanding of the model's dynamic behaviour and for evaluating 
different economic policies using macroeconometric models. In tfiis 
section, we summarise the policy simulations that were used as part 
of the model's evaluation and assess the policy options for 
Algeria. 
The set of multiplier calculations consists of evaluating the 
path of the aggregate activity variables in response to a shock to 
the exogenous variables one at a time, to obtain estimates of the 
multipliers. Multipliers were calculated for sustained shocks(l). 
All policy simulations were conducted on the historical sample 
(1967-1984) using dynamic simulation, thus allowing for lagged 
dependent variables feedbacks. Multipliers were evaluated using 
formula (7.2] to maintain consistency and comparability between 
different policy runs. The data 
. 
generated from the various 
simulation runs are extensive. making. it nec essary to summarise them 
in a concise way that reflects the main features of the effects of 
such simulations. In the tables 
, 
below, attention is given to the 
main aggregates. zero impact is 'not reported. and multipliers are 
detailed for five periods only. 
17.3-11 Government ex-penditure 
The first set of -multipliers analysis is related to real 
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government current expenditure. We computed three different 
simulation runs that compare real government expenditure 
increases with the same increases but accommodated in two different 
ways. The sustained effect of a 500 million Algerian Dinars (AD) 
increase in government expenditure is given in Table (7.1]. 
Table 7.1: Government expenditure 
(Sustained increase of 500 AD millions)(a) 
t GDP BHO PSBR P Yt 
1 1.64 0.12 36.7 0.61 
5 1.12 0.21 7.81 0.47 
10 0.81 0.78 2.23 0.09 
15 0.59 0.86 2.53 0.20 
18 0.48 0.65 1.00 0.00 
(a) both public expenditure and goverment current 
expenditure were increased simultaneously. 
The effect on 'GDP and money supply is only moderate. However, 
the incr'ease in GDP has an automatic-stabilising effect because it 
leads to an increase in indirect taxes greater than the increase in 
expenditure, hence a decrease in the budget balance PSBR multiplier. 
Another feature of the model -is reflected in the effects of 
goverment expenditure on the GDP price deflator (P, t). The model 
is designed in such a way thaf prices respond primarily to 
cost-Push inflation and less to demand-pull inflation because of 
demand pressures. I Over-heating effects -are assumed to be 
resisted by planners'in their price policy, in accordance with the 
disequilibrium and rationing evident* in the Algerian economy. The 
increase in real government expenditure in the model has no supply 
effect. This is because the additional demand resulting from current 
government expenditure is not distributed to the originating sectors. 
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The model therefore has no feedback from demand to supply. 
After studying the behaviour of the economy to a sustained 
increase in real public expenditure on goods and services, it is 
equally important to study its impact on the economy when alternative 
public finance strategies are pursued. To understand the way in which 
this could be carried out, we re-write parts of the model where 
public expenditure occurs. The government expenditure in real terms 
Cg is part of total expenditure: 
GDPt - Ct + Cgt + Xt - Mt + It + ISt 
The total current public expenditure Gt (where Cgt is part of it) 
also occurs in the budget balance: 
PSBRt - Gt - Tt 
This increase in public expenditure Gt could be financed by an 
increase in taxes, which means a simultaneous increase Of Cgt, Gt, 
and Tt. The alternative finance strategy of such an increase is by 
borrowing from the banking system. This could be acheived by 
increasing net credit to government from the Central Bank (NCGCBt) in 
the monetary base identity along with Cgt and Gt (further monetary 
policy analysis is carried out in Section 7.3.8). 
The tax financed alternative results are shown in Table 17.21. 
The tax item that was increased was "other taxes', which is treated 
as an exogenous variable in the budget identity. It consists mainly 
of legal duties which are generally increased to compensate for the 
decline in goverment revenue. 
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Table 7.2 Tax financed government expenditure 
(Sustained increase of 500 AD million)(b) 
t GDPt BMOt PSBRt Pyt 
1 1.64 0.12 -3.38 0.61 
5 1.12 0.21 -0.99 0.47 
10 0.81 0.73 -0.29 0.09 
15 0.59 0.86 -0.28 -0.20 
18 0.48 . 0.67 -0.36 -0.04 
(b) Goverment expenditure, public consumption, 
and taxes were increased simultaneously. 
The only registered change occurs in the budget balance, 
because of the recursive nature of this identity. This result is 
specific to the tax variable manipulated in this simulation. In 
section 7.3.4 it is shown that wage tax has wider implications on the 
economy than, is demonstrated here. 
The alternative strategy of expenditure finance consists of 
money financed through credits to -the goverment from the Central 
Bank. When this item was increased by 500 AD millions along with 
public consumption and government current expenditure, the sustained 
effect is given below (Table 7.3): 
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Table 7.3 Money financed government expenditure 
(sustained effects of 500 AD millions)(c) 
t GDPt BHOt PSBRt Pyt 
1 1.64 14.60 36.76 0.62 
5 1.03 8.36 7.35 0.75 
10 0.76 3.34 2.19 0.14 
15 0.58 1.87 2.45 -0.13 
18 0.49 1.43 1.00 0.00 
(c) Government expenditure, public consumption, 
and net credit to goverment were increaded 
simulataneously. 
In this case the money supply increased by an average of 5.92 
compared to just 0.5Z in the case of tax financed alternative. 
However, all the simulations had the same impact as far as income and 
the GDP price index are concerned. 
In general, the increase of goverment expenditure leads to an 
increase of GDP by 1.5Z on average for the sustained shock. The 
increase of money and the budget balance depends on the 
assumptions about financing such an increase. However, in these 
simulations it is shown that tax financed strategy is preferable to 
the high powered money alternative, because it leads to lower 
monetary growth as well as a decline in the budget deficit. 
overall the public consumption has an expenditure effect only 
and affects the money and budget according to the finance 
assumption, furthermore it has no significant effect on inflation. 
r7-3-21 Planned investment 
The second experiment consists of assessing the effect of an 
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increase of planned public sector investment by one billion 
Algerian dinars (bn AD) in real terms. Every sector's planned 
investment is simulated separately, to identify the differences in 
multipliers in increasing sectoral planned investment. These 
simulations have great importance in providing a quantitative 
assessment of alternative investment possibilities in the Algerian 
economy. They also provide a framework for identifying the economic 
problems associated with accelerated development. In all, six 
simulations were conducted on the different sectors. The increase in 
planned investment is accommodated by a similar increase in 
government investment expenditure in the PSBR identity. No 
assumption about financing this amount was made(2). The amount of 
shock was -deliberately set at one bn AD, hoping to reflect the 
dynamic pattern of overfull employment policy in a CPE and to 
reflect the high profile investment policy in Algeria. See Allen 
(1982) and Wolf . (1985) 
for a discussion on the macroeconomic 
implications of this strategy on typical C-PEs. 
The impact of a permanent increase of planned investment in the 
agricultural sector is given in Table [7.4]. The planned 
investment impact has three transmission channels: expenditure, 
supply, and feedback from supply to expenditure. First, the 
expenditure -effect is transmitted via investment (It) to GDP, and 
subsequently to money supply (BMOt) and budget (PSBRt), through 
taxes., The investment effect declines rapidly because real 
investment in the control solution has a strong trend. The same 
could be said about the budget balance. Although planned 
investment expenditure was accommodated by a commensurate increase in 
the budget, balance, the increase in taxes, induced mainly by GDP in 
the case of indirect taxes, and an increase in the nominal wage 
rate in the case oi wage taxes helped the decline in the budget 
balance. 
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Table 7.4 Agricultural planned investment simulation 
t GDP Qt It BMOt PSBRt Et Unt Mt Xt Ct BOPt 
1,4.60 0.3 22.30 1.29 65.00 0.00 0.00 2.51 1.48 0.00 0.07 
5,1.65 0.96 5.17 2.57 15.70 0.08 -0.06 1.28 1.73 0.77 0.24 
10 1.12 0.71 2.09 1.67 3.81 0.58 -0.43 0.34 0.46 0.48 0.05 
15 0.99 0.74 2.49 1.03 1.44 0.53 -0.44 -0.28 0.13 0.61 0.11 
18 1.21 0.66 3.30 1.42 2.14 0.47 -0.37 0.56 0.08 0.82 -0.12 
The supply channel works directly from investment to capital 
stock. This effect is primarily determined by the production 
function parameters. - The effect on agricultural output is 
considerable (not shown). However, the effect gn total output (Qt) 
is less. than M This also applies to agricultural employment which 
increased only marginally because of the increase in agricultural 
output which has a negative effect on - agricultural employment. 
Subsequently, ý the unemployment rate (Unt) declined by only less 
than O. U. - 
Feedback from s'upply to demand includes an increase in the wage 
rate due to the decline in the rate of unemployment, which 
increases real per capita personal disposable income (Ydt), and hence 
real per capitaý personal -consumption (Ct). An 
increase in 
agricultural output -leads, to a decrease in food imports, but it 
is outweighed by an increase in imports of both capital consumer 
goods and therefore, an increase in overall imports. -Furthermore, an 
increase in agricultural output leads to an impact increase in total 
real exports (Xt) of ý 1.5Z,, which declines rapidly and has almost no 
long run effect. 
, The sustained increase of 1 billion Algerian Dinars of 
manufacturing investment is given in Table 17.5]. The transmission 
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mechanism of manufacturing investment is comparable with that of 
agricultural investment, except in a few instances. First, an 
increase in manufacturing output does not lead to a higher level of 
exports. On the contrary, it generates a greater demand for imports 
(Mt) because of the additional demand for imported inputs. Second, 
planned investment, translated into ex post investment at a rate 
less than agricultural investment, coupled with higher imports and 
no increase in exports, means that of the GDP multiplier declines 
rapidly with a long-term impact of less than 1Z. This eventually 
leads to a smaller money multiplier. 
Table 7.5 Manufacturing planned investment simulation 
(Sustained increase of 1 bn AD) 
t GDPt Qt It BMOt PSBRt Et Unt Mt Ct 
1 3.16 0.14 18.45 0.66 65.10 0.12 -0.09 2.26 0.00 
5 2.23 0.42 11.62 1.01 13.20 0.96 -0.69 4.43 0.40 
10 1.90 0.44 6.49 0.62 3.29 1.27 . -0.93 3.34 
1.15 
15 0.61 0.31 2.43 0.19 1.53 0.92 -0.77 1.96 1.34 
18 0.77 0.28 1.87 0.18 1.21 0.79 -0.61 1.29 1.44 
The impact of planned investment on total output at factor cost 
(Qt). is less than 0.5Z. However, it generates higher 
mI anuf a'cturing employment, but not higher total employment, which 
contributes to a slight reduction of unemployme I nt o- verall. 
The sustained increase in planned construction investment (Table 
7.6) by one billion Algerian Dinars has had a marked supply effect 
and has therefore, generated a strong feedback to the demand sector. 
The high output (Qt) multiplier results because the production 
function parameters of capital and labour are equal (0.5) and 
because of the high simultaneity in the construction sector supply 
block (output - capital- employment), which intensifies the effects 
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of this supply loop. Such investment has also had a significant 
impact on total real output (Qt) and aggregate employment (Et), 
reducing the unemployment rate (Unt) by almost 3Z after five 
periods, although this thereafter converged at 1Z over the long-run. 
Table 7.6 Construction planned investment simulation 
(Sustained increase of 1 bn AD) 
t GDPt Qt it BHOt PSBRt Et Unt 14t Ct 
1 5.36 8.30 30.66 1.21 62.57 2.10 -1.60 3.25 0.00 
5 2.01 11.1 4.78 0.84 12.96 3.10 -2.99 2.98 3.93 
10 3.10 5.95 
15 1.85 3.14 
18 1.70 2.64 
6.80 1.96 3.22 
4.29 0.45 0.31 
4.0ý 0.68 0.92 
2.24 -1.64 
1.08 -0.90 
1.20 -0.94 
2.10 2.54 
0.37 1.76 
1.03 1.83 
The impact of supply on demand is only through the wage rate, which 
increases per capita real consumption (Ct) by a higher proportion 
than in the case of agriculture and manufacturing investment. The 
increase in investment leads to a substantial increase in the imports 
of capital, which translates into a total increase of imports, with 
an impact increase of 3.25Z and a long-run increse of 11. 
The sustained increase of the transport sector's planned 
investment by the same amount (Table 7.7), operates much the same 
as that of construction investment as far its transmission mechanism 
is concerned. However, the numerical outcome of the multipliers is 
different.,, The GDP multiplier is strong throughout the period. 
fluctuating around 2Z. 
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Table 7.7 Transport planned investment simulation 
(Sustained increase of 1 bn AD) 
t GDPt Qt it BMOt PSBRt Et Unt Mt Ct 
1 2.72 0.69 15.62 0.62 77.36 0.35 -0.26 1.70 0.00 
5 3.80 4.25 16.26 2.59 14.71 2.87 -2.12 3.80 0.91 
10 2.88 5.24 4.86 2.58 3.74 4.18 -3.05 1.50 3.69 
15 2.23 3.70 2.30 0.69 -0.65 2.37 -1.98 0.45 '3.68 
18 2.31 3.23 3.24 1.22 0.98 2.05 -1.06 1.23 3.75 
The impact and interim multiplier of per capita consumption is low, 
though it gradually increases to reach 3.75Z over the long-run. The 
strengh in the consumer demand multiplier is brought about by the 
strong output (Qt) multiplier, and subsequently, of employment (Et), 
which reduces the unemployment rate (Unt). Increases in planned 
investment in the transport sector translates into ex post real 
investment (It) at a lower level than in the other sectors. However, 
the increase in, investment expenditure leads to a very high increase 
in the budget balance. This can not be easily explained, as it 
requires the distanglement of the impact of both expenditure and 
taxes, which both increase in this simulation. Nevertheless, the 
multiplier declines rapidly to less than 1Z in the long-run. 
The sustained impact of planned investment increases by 1 billion 
Algerian Dinars in the services sector (Table 7.8) on major 
macroeconomic aggregates is even more marked than in the above 
simulations. The , strong supply effect can be traced to the 
coefficients of the employment and production function in this 
sector. The capital elasticity in the services employment equation 
equals 0.56, and the labour elasticity in production function is 
0.8. Therefore the impact of investment is transmitted to the supply 
block of the model at-a higher impulse than the other sectors. 
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Table 7.8 Services planned in 
(Sustained increase of 1 
t GDPt Qt it BHOt PSBRt Et 
1 4.32 0.65 24.79 1.01 75.36 -0.12 
5 0.96 3.63 6.38 2.42 17.76 3.77 
10 3.29 4.42 3.81 3.48 2.93 8.49 
15 5.24 4.15 4.83 3.73 -7.56 5.53 
18 8.43 4.14 6.86 4.76 -4.62 5.46 
vestment simulation 
bn AD) 
Unt Ht Ct 
0.09 2.66 0.00 
-2.79 3.92 0.49 
-4.55 2.30 5.90 
-4.63 1.00 8.11 
-4.29 3.28 9.85 
The strong GDP multiplier leads to higher taxes, which reduce the 
budget balance (PSBRt) multiplier despite the sustained increase 
of constant price government expenditure in investment. The per 
capita real personal consumption (Ct) multiplier increases 
continuously to reach a long-term value of almost 101, but in 
the process, imports 'increase at a higher proportion due to strong 
consumer demand. However, it is the decrease in the unemployment rate 
which distinguishes it from other planned investment 
simulations. This rate declined at a higher rate because the 
investment supply channel was stronger. 
A similar sustained planned investment increase in the 
hydrocarbon sector (Table 7.9) generates strong growth in output 
(Qt) and*GDP through the inve s tment- capital channel. However, its 
impact on - employment is lower than its output-effect. This could be 
attributed to the fact that hydrocarbon output. is"estimated. using a. 
Leontief production function with capital as the limiting production 
factor. This 'means that the supply loop no longer ' exists, and 
simultaneity between hydrocarbon output and employment is lost. On 
the other'. hand the output multiplier is transmitted strongly to 
total real exports (Xt), which despite 'a high import multiplier 
produced ýa positive balance of payments multiplier. 
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Table 7.9 Hydrocarbon planned investment simulation 
(Sustained increase of 1 bn AD) 
t GDPt Qt It BMOt PSBRt Et Unt Ct Mt Xt BOPt 
1 4.87 5.59 19.71 1.72 78.60 0.13 -0.10 0.00 2.34 2.90 0.31 
5 9.96 8.16 11.86 7.57 13.40 1.31 -0.97 0.45 6.01 14.68 2.50 
10 10.0 7.21 7914 6.61 -6.09 1.92 -1.33 1.60 2.47 17.80 4.09 
15 7.04 4.42 2.32 5.71-15-90 1.29 -1.04 2.11 1.41 12.30 4.10 
18 5.47 4.08 2.05 5.21 -8.19 1.17 -0.92 1.91 1.65 11.50 3.98 
The increase in hydrocarbon output and exports means higher oil 
revenues(3). An increase in oil taxes, and other taxes which are 
stimulated by GDP, wages and import increases, produces a strong 
decline in the budget balance PSBRt multiplier. 
, Alternative investment simulations reflect some interesting 
features ý of, the model, dynamics, and shed some light on the workings 
of -the Algerian economy, through the. comparative analysis of 
different investment-expenditure. 
The investment simulations reflect some of the intrinsic features 
of the Algerian economy which were discussed in Chapter Three. First, 
despite the considerable sustained increase in planned investment, 
the achieved decline in the rate of unemployment was small. This is 
compatible with the dynamics-of the unemployment rate which declined 
by some 51 between 1967 and 1984. Employmentý generation was highest 
in the services sector. This resulted from the production function 
parameters which reflect the technological substitution between 
factors. The extra output generated in these simulations is also 
small compared to the amount invested. This is also a feature of the 
Algerian economy where growth was high, but was achieved only by even 
higher capital accumulation, This finding is compatible with the 
total factor productivity analysis which was carried out in Chapter 
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Three. This is true especially for the agricultural and manufacturing 
sectors. As the simulation involved an increase in expenditure, there 
were no significant 'generation of inflation. However, judging by the 
monetary and budget multipliers, inflationary pressures should be 
higher than the price inflation indicated. The multipliers reflect 
the fact that the higher is GDP the higher is monetary growth. Given 
the strong automatic stabilisation effect of exenditure on taxes, the 
PSBR decline is quicker in the case of high GDP multiplier. Most of 
the investment policies lead to a deterioration of the balance of 
payments. However, as expected, hydrocarbon investment improves the 
BOP dramatically, while an improvement in agricultural output 
increases the BOP only slightly. 
Sectoral investment policies therefore, have different impact 
on growth, unemployment, and balance of payments. A successful 
investment policy should combine the positive impacts of the sectoral 
investment, while at the same time not violating the sectoral 
balances in order to achieve balanced growth. 
17.3.31 Labour sumly 
Labour supply is treated as exogenous in the model. Although it 
cannot be considered a pure policy instrument, it is important to 
assess the dynamics of an increase-in the supply of labour on the 
economy given the high ý population. growth rate of 3.2Z per annum, 
which is generally considered- as a severe constraint on economic 
development in LDCs such as Algeria, which has one 'of the highest 
population-growth rates in the vorld(4). In the model, labour supply 
is disaggregated into male and -female labour force. Both variables 
were separately shocked by a sustained 10Z. The increase spread into 
the model through the unemployment rate (Unt) identity which, 
increased in case of male labour supply by 6-5Z in the long-run, 
228 
compared to 0.68Z in the case of female labour supply. As the wage 
rate is estimated using a modified Phillips curve, the increase in 
the rate of unemployment produces a negative long run wage multiplier 
of -13.43Z in the case of male labour, compared to -1.62Z in the 
case of feynale labour. 
Table 7.10 Male labour supply simulation 
(Sustained increase of 1OX) 
t GDPt BMOt PSBRt Unt Mt Ct Ydt Tit 
1 0.00 0.00 0.00 6.62 0.00 0.00 0.00 0.00 
5 -1.40 0.11 2.08 6.42 -2.24 -4.20 -5.10 -10.54 
10 -1.52 -7.32 1.25 6.26 -0.76 -4.08 -4.84 -9.62 
15 -2.21 -2.77 2.44 7.04 -0.43 -5.03 -4.26 -13.69 
18 -2.49 -3.63 3.16 6.54 -1.12 -6.53 -8.10 -13.43 
The decline in the wage rate filters through to affect real per 
capita personal disposable income (Ydt)-, which produces a lower 
negative multiplier. than the wage rate - The dynamic relationship 
between -Ydt and real per capita personal consumption (Ct) leads to 
a reduced impact on the latter by as much as half the shock applied 
to the wage rate. 
Table 7.11 Female labour supply simulation 
(Sustained increase of 102), 
t - GDPt BMOt PSBRt Unt Mt Ct Ydt Wt 
1 0.00 0.00 0.00 0.34 0.00 0.00 0.00' 0.00 
5 -0.62 1.07 2.14 0.37 -0.83 -0.26 -0.33 -0.17 
10 -0.04 -0.03 0.24 0.44 -0.08 -0.39 -0.43--0.75 
15 -0.13 0.03 0.61 0.64 -0.13 -0.48 -0.81 -1.47 
18ý 
, -0.21 -0.22 0.26 0.68 -0.13 -0.67 -1.04 -1.62 
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The decline in total imports (Mt) is partly due to the decline in 
consumer demand, and also to the negative impact of GDP, which 
decreased -as a consequence of the deflationary impact of the 
increase in the supply of labour. The money multiplier declined 
faster than the GDP multiplier in the case of the male labour 
supply; however, the budget balance multiplier increased due to the 
indirect loss of wage taxes and the decline of indirect taxes. 
The impact of the labour supply affects the economy only through 
expenditure, mainly through the intermediaries of wages, personal 
income and, finally, personal consumption. The supply effect, 
through unit , labour cost increases in the construction sector price 
equation, and through the wage rate in industrial employment, was 
exogenised. First, it produced implausible multiplier values, 
especially with regard to the unemployment rate. Second, it is 
unlikely that such an adjustment in the price and employment sectors 
would occur in the Algerian economy, as *the resulting decline in 
industrial employment was substantial, which further increased 
unemployment, and therefore magnified considerably the effect of 
total expenditure. 
r7.3.41 Tax decreast 
These simulation experiments evaluate the fiscal policy implied 
by the model. The simulations consist of shocking the parameters. 
associated with the tax base of every tax category, which are 
considered proxies 'of the tax rate elasticity. A similar policy 
analysis is conducted by adjusting the constant term in the tax 
equations, to 'evaluate a shift in the tax equations (e. g. an 
increase in tax threshholds and tax exemptions). As there are 
f ive tax equations in the model, ten simulations were 
conducted. Most simulations displayed the same transmission 
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channel, although with varying multiplier values. We therefore only 
discuss the results assosciated with changing the wage tax parameters 
because it has a wider expenditure impact. 
Table 7.12 Wage tax rate simulation. 
(Sus tained decre ase of wage el asticity) 
t GDPt BMOt PSBRt Ydt Ct Mt Pyt 
1 0.00 0.00, 3.16 0.35 0.00 0.00 0.00 
5 0.06 -0.05 0.82 0.34 0.34 0.34 -0.03 
10 0.15 -1.03 0.87 0.61 0.35 0.00 -0.05 
15 0.50 -0.87 3.79 1.12 0.85 0.08 -0.08 
18 0.57 -1.20 3.96 1.13 1.18 ' 0.09 -0.16 
The parameter associated with nominal wage level in the 
wage tax equation was adjusted from 1.046 to 1.026 which 
corresponds to an average decrease of 47 million Algerian Dinars. 
This reduction of the wage tax rate by an average of 10Z leads to a 
budget balance impact multiplier- of 3.16Z which decreases, then 
builds up to reach i long-run multiplier of 4Z. The decline in the 
wage tax increased per capita personal income (Ydt) only slightly, by 
about 1Z in the long run. Consequently, the increase in personal 
consumption was at a similar rate. However, the increase in imports 
was minimal. All this led to a small GDP multiplier, which increased 
in the long-run, to 0.52. 
This simulation reflects one of the weaknesses of the model in 
generating adequate inflation figures. Despite the fact that the 
price sector is fully endogenised, most of the multiplier experiments 
in the model show that increases in total expenditure does not 
generate high inflation rates. We argued in Section (7.3.1] that this 
was desirable because in CPEs such as Algeria, demand-pull price 
increases are highly resisted by policy makers. However, the small 
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GDP price index (Pyi) changes tend to pertubate the money demand 
multipliers. This is so, because money demand equations are 
estimated using first differences. This feature make them 
sensitive to small changes in the inflation rate. 
The wage tax was shifted downward by adjusting the constant 
term parameter from -3.644 to -3.84 which coresponds to an average 
value of 10Z of the wage tax. Sustained impact (Table 7.13) generates 
a multiplier value different to that obtained by adjusting the wage 
tax elasticity. In general, the budget multiplier is higher despite 
the stronger GDP multiplier, which increases the automatic 
stabilisation effect. through indirect taxes. The shift in wage tax 
increases personal disposable income by 5.5Z in the long-run compared 
to just 1Z in the case of reducing the tax rate. Although the GDP 
price deflator (Pyt) multiplier is positive, except in the long-run, 
the money multiplier still exhibits a tendency to decline. 
Table 7.13 Wage tax threshold simulation 
(Sustained. increase of the wage tax threshold) 
t GDPt BHOt PSBRt Ydt Ct mt pyt 
1 0.00 0.00, ý17.36 1.91 0.00 0.00 0.00 
5 ý 0.4T -0.09 -5.10 1.84 1.74 0.57 0.28 
10 0.75 -0.32 ý, -5.90 
2.24 2.00 0.34 0.02 
15 1.98 -0.57 22.11 4.94 3.88 0.63 0.68 
IS 1.87 -0.11 - 16.92 5.55 4.61 0.74 -0.05 
Fiscal policy in this model is primarily controlled through tax 
parameters and, in the wage tax example, a reduction in the tax 
rate increases expenditure, but the reduction-of-tax threshold seems 
to have a stronger -impact than reducing the wage tax rate. As 
expected, overheating of the economy is not reflected in higher 
prices, and taxes are also not related to sectoral prices, which 
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excludes another inflation channel. 
r7-3.51 World price 
The fifth experiment undertaken for this study, was to evaluate 
the impact of a 1OX sustained increase in world prices evaluated in 
domestic currency. This simulation aimed to trace the effects either 
of a devaluation of the Algerian Dinar (assuming world prices are 
kept constant), or an increase in world inflation assuming constant 
exchange rate. An increase in world inflation is more likely to be 
the case because the nominal exchange rate of the Algerian Dinar is 
fixed(5) and the Algerian government tends to favour quantitative 
adjustment of imports rather than manipulation of the exchange rate. 
The domestic price of imports (Pmt) was used extensively in 
modelling sector output deflators and expenditure price indices. 
Its effect therefore, was mainly transmitted through these variables. 
First, the polynomial distribution lag (PDL) relation between the 
world price 'index and theý domestic import price index generates a 
negative impact multiplier. This negative effect spills over to the 
consumer price index (Pct). The use of a PDL to explain import 
prices was found (in Chapter Five), to produce a better fit than 
simply regressing them on the level of world prices. 
Table 7.14 World prices si=lation 
(Sustained increase of 10Z) 
GDPt BMOt PSBR Mt Ct Ydt Pct Pit Pyt 
1 0.01 -0.96 -0.37 -0.01 0.00 1.74 -1.69 -12.37 1.22 
5 0.14 "2.42 4.91 0.21 0.53 3.54 -3.79 10.25 -3.98 
10 -0.81 -1.59 -2.43 -0.30 -1-98 -3.21 5o-22 10.24 1.41 
15 -1.18 -2.41 -5.07 -0.39 -2.71 -3.22 5.15,10.24 2.24 
18 -1.17 -2.63 -4.81 -0.55 -2.86 -3.15 5.29 10.25 2.32 
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This simulation could indicates some mis-specification in the 
import price'equation. However, as the interim and long-run impact 
multipliers are satisfactory with regard to their sign, and 
especially the constant' multiplier value on domestic import price 
(Pmt) at around 1OZ, this indicate that the negative pertubation was 
short lived. The -long-run impact on the consumer price index (Pct) 
also stabilised at'around 52. Overall inflation, induced by a shock 
in world prices as measured by the GDP price deflator (Pyt), was 
lower than the figures associated with the consumer price index. This 
reflects the major'characteristic of this model as far as the price 
impulse transmission mechanism is concerned. Inf lation is generatd 
mainly through domestic cost-push elements and world inflation. 
I The slight increase in inflation led to a decline in money by 
approximately the same proportion. Although real imports (Mt) changed 
marginally', the large decline in personal- consumtion (Ct), due 'to a 
loss of consumers purchasing power, led to a decline in GDP by 
more than 1Z in the long-run. overall, world inflation generates a 
situation of 'stagf lation in - the Algerian economy - Its amplitude is 
reduced and spread smoothly through time' because of the dynamic 
relationship and long lag assumed on import prices which is assumed 
to reflect the friction caused by subsidies-in the consumer market. 
r7.3.61 Oil Drice 
The 'sixth policy exercise analysed- here consists of evaluating 
the impact of a decrease in the dollar price of'crude oil. Certainly, 
it"is' vital to understand the economy's' reaction to a sharp decrease 
in oil prices, given Algeria's heavy reliance on 'oil revenue and the 
latter's eitreme importance in financing the country's balance of 
payments. 
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Throughout this thesis the importance of OPEC's oil price has 
been stressed as one of the main exogenous variables that have had 
strong repercussions on Algeria's macroeconomic policy. Oil 
revenue, which is determined as a mark up on oil prices (see IMF 
(1977)), constitutes the main determinant of exports earnings and 
therefore, finances the country's balance of payments. Moreover, 
Algeria's budget balance relies heavily on oil taxes. Therefore, oil 
price instability is bound to have a severe effect on the economy, 
especially as it may restrict the financial resources available for 
development planning. To assess the severity of the decline in oil 
prices we computed the impact multipliers of a sustained reduction 
of the price of oil by 50Z. 
The sustained decrease of oil price by 50Z (Table 7.15) has led to 
a decline, in GDP by amounts as substantial as 7Z and a minor decline 
in total real output'(Qt) of around 0.5Z.. This decline was caused by 
a moderate decrease, in total real investment (It), an increase in 
real imports and, principally, a decrease in total real exports (Xt) 
of around 101. The steep decline in oil. taxes, which matched the 
decline in oil prices,, only partly increased the budget deficits 
(PSBRO, because inflation. decreased nominal tax values. The decline 
in inflation also increased real money balances (BHOt) despite the 
depression in real GDP. 
The decline in domestic inflation (Pyt) is difficult to explain. 
It is,, generated , as a direct response, to the decline in the export 
price index which - 
is strongly related to oil-prices and reflects 
the deterioration of Algeria's terms of trade. In reality, such a 
decline might be followed by an increase in domestic inflation as 
a direct consequence of shortages caused by the adjustment policies 
in response to external shocks such as oil price decline(6). However, 
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Table 7.15 Price of oil simulation 
(Sustained decrease of 50Z) 
GDPt Qt It BMOt PSBRt Pyt unt Th Ht xt P* yt 
1 2.02 -0.08 -0.88 6.96 36.02 -10.03 0.00 -52.08 -2-28 -4.25 7.07 
5 -3.99 -0.47 -1.07 3.34 24.43 -6.72 0.05 -39.83 2.94 -11.25 9.45 
10 -6.54 -0.65 -0.99 5.93 54.44 -12.43 0.10 -36.20 7.04 -9.46 2.03 
15 -7.15 -0.67 -0.67 9.93 91.74 -9.92 0.15 -34.04 5.01 -11.29 2.15 
18 -6.07 -0.64 -0.39 0.54 60.00 -8.60 0.13 -33.18 6.57 -10.87 5.53 
the decline in terms- of trade through the decline in oil- prices is 
bound to lead to &-recession or even a stagflation in the economy. 
It is only with total knowledge of the content of such an adjustment 
policy that the general outcome of domestic inflation and output 
could be assessed., The , multipliers reported 
in this simulation, 
therefore reflect the impact of oil prices on the model in the 
absence of balance of payments adjustment policy. However this 
adjustment policy" could be imposed on the model by performing a 
counter-factual policy analysis. A shortened. - method would be to 
islolate the effect of the export price index on the GDP price 
index. Accordingly , when the simulation - -was'' repeated with the 
export price index-, exogenised, domestic -, inflation, as measured by 
GDP price deflator (P*yt), actually increasedýconsiderably reflecting 
a severe stagflation in the economy caused by the severe drop in oil 
price. 
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T7.3-71 Price of intermediate inputs 
These simulations evaluate the impact of a 10 X increase in the 
price index of each sector's intermediate use. This would help to 
determine how the supply side effects of inflation propagate in 
the economy. This type of inflation is usually triggered off by 
factors such as an increase in the price of energy and raw 
material. The increase in the input price index of each sector has 
been considered separately. In all, four simulations were 
performed, though we report the results relating to agricultural 
(Table 7.16) and manufacturing (Table 7.17) input prices. These two 
simulations were chosen because of their wide spread impact on the 
economy. 
The increase in the manufacturing sector's input price index has a 
widespread effect on the macroeconomy, on both the supply and demand 
side. The direct impact consist of increasing the price deflator of 
manufacturing sector (Pmat) by almost 5Z in the long-run, as compared 
to its control solution value. This increase is passed on to the 
consumer price index (Pct), al though by less than the increase in 
Pmat- overall inflation, as measured by the GDP price deflator 
(Pyt), increases by the same proportion as the consumer price index 
in the long-run. This lowers the 'real money balances (BHOt) by an 
increasing rate which reaches 4Z in the long-run. The increase in 
the consumer price index leads to a loss of real consumerý 
expenditure, and real imports decline under the double impacts of 
declining investment and consumer demand. This reduces the GDP 
by an increasing rate, which creates a long-run decline of -0.91. 
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Table 7.16 Price of agricultural input simulation 
(Sustained increase of 1OX) 
t GDPt BMOt PSBRt Ct Ydt Ht Pat Pct pyt 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 -0.09 -0.99 -1.92 -0.82 -1.35 -0.04 2.48 1.91 0.80 
10 -0.21 -0.55 -1.08 -1.10 -1.43 -0.03 2.50 2.07 0.78 
15 -0.51 -0.55 -0.62 -1.11 -1.18 -0.03 2.47 2.08 1.06 
18 -0.36 -0.06 -0.00 -1.22 -1.46 -0.05 2.52 2.37 0.53 
An increase in agricultural input price (Table 7.16) produced the 
same pattern as the above experiment, with a few exceptions. 
First. the simultaneity between the consumer price index (Pct) and 
the agricultural price deflator (Pat), produced higher inflation in 
Table 7.17 Price of manufacturing intermediate input simulation 
(Sustained increase of 1OX) 
t GDPt It BHOt 
'PSBRt 
Pyt qtý, 
, 
Mt Un Pct Pmat Pat 
1 0.00 0.00 0.00 
'0.00 
0.00 0.00 0.00 0.00,0.00 0.00 0.00 
5 -0.25 -0.08 -0.82 -1.63 0.45 -0.47 -0.17 0.01 1.01 4.24 0.66 
10 
--0.49 -0.43 -1.42 -2.22 1.83 -0.70 -0.20 
0.09 1.06 4.69 0.69 
15 -0.77 -0.95 -2.90 -5.08 3.01 -0.83 -0.33 0.19 1.04 4.70 0.68 
18 -0.93 -0.94 -2.42 -1.37 1.50 -1.08-0.40 0.24 1.06 4.70 0.68 
the consumer price index 
. 
as compared, to the simulation of 
manufacturing price index of inputs. Second, the agricultural price 
has no effect on investment, and therefore its supply channel is not 
present. On the other, hand, both variables generate stagflation 
situations with high__inflation and a'negative growth in GDP. This 
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make supply side inflation effects strong in the model, and 
they"are more widespread than the actual price equations suggest. 
r7.3.81 Incomes policv 
This experiment involves a permanent increase in the guaranteed 
minimum hourly wage'by 101. The purpose is to evaluate the impacts of 
Algeria' s incomes policy on demand, ' supply, and price, as well 
as wa - ge- inf lation. We stressed in Chapter Three that the minimum 
wage is frequently used by planners to control' wage inflation and. 
in some cases to adjust the purchasing power of the population. 
It"is therefore important to study the dynamics of wage inflation 
and consumer expenditure resulting from an increase in the legal 
minimum wage. 
In this model, guaranteed minimum hourly wage (W t) af f ects the 
nominal wage rate (Wt) -;, and the - consumer price index (Pct) 
simultaneously, though with a long lag in the latter case. It is 
interesting -to note the absence of a wage-price spiral in the model. 
This 'arises- from the strong control of wages in the economy. In the 
modelling process, we did not find'a significant correlation between 
sectoral wage rates and the price deflators. This was also true in 
the case of employment -and the unit labour -costs -- The sectoral wage 
rates and unit labour costs-present in the model were not endogenised 
in the simulation experiments, -because the cost effects of such 
variables is strongly resisted by, the planning system. 
A- sustained 'increase in minimum, wage rate has a stronger 
expenditure effect than inflation, because of the long lag of W*t in 
the consumer price index equation. The results in Table (7.18], 
could be regarded as plausible insofar as they have the expected 
sign and stable multipliers. The effect on the wage rate (Wt) is 
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constant, at around 6Z, which in turn increases real per capita 
personal income (Ydt) by lesser amounts because of the impact of 
inflation at around 2Z. 
Table 7.18 Guaranteed minimum wage simulation 
(Sustained increase of 10Z) 
t GDPt BHOt PSBRt Ct Ydt Wt Ht Pct Pyt Pat 
1 0.00 0.00 -1.10 0.00 2.62 5.22. 0.00 0.00 0.00 0.00 
-5 0.84ý -1.45 -4-39 1.38 0.95 6.45 -1.61 1.97 1.91 1.27 
10 0.60 -0.77 -1.33 0.99 1.35 6.44 -0.36 1.95 0.87 1.25 
15 0.75 -0.97 -3.46 1.15 1.64 6.44 -0.64 1.95 1.20 1.26 
18 -0.74 -0.88 -2.31 1.34 1.73 6.53 -0.13 1.97 0.27 1.27 
In the case of imports, the relative price effect was stronger than 
the expenditure effect, thereby reducing imports slightly. Increases 
in wages (Wt) and GDP, as a consequence of the expenditure effect, 
lead to an increase of non-oil taxes which definitely lower the 
budget deficit. , This decline in budget deficit is helped by the 
slight increase in inflation as measured by (Pyt). In most cases 
the impact (first period) multiplier is nullified due to lags in the 
consumer price index and-consumption demand equations. 
The incomes policy in this model has a stronger impact on 
expenditure impact, than on inflation. Moreover, there is no 
wage-price spiral, except that an initial increase in minimum wages 
leads to an increase in the Pct which in turn-spills over to affect 
agricultural prices, creating a closed-loop between these two price 
indices. However, ýas Table [7.18] indicates, there is no build 
up of inflation, iii agricultural, prices. 
. 
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-r7.3.9 
'I Monetary policy 
The monetary sector in this model is explained by a simple money 
multiplier with an endogenous multiplier and exogenous monetary base. 
This was judged to be a satisfactory representation of Algeria's 
monetary 'policy given its limited role in macroeconomic policy 
(especially the abseýce of any active role for interest rates). The 
interest rate channel therefore, does not operate in this model. Nor 
could Algeria's credit policy be investigated in a conventional 
way. i. e. by assessing the impacts of a selective and rationing 
credit policy, because planned investmemnt in the public sector is 
totally financed by Treasury operations which combines the Treasury 
assets, the banking sector and the Central Bank credits to government 
(issues relating to goverment expenditure were assessed in Sections 
7.3.1 and 7.3.2). 
The monetary policy' in this model could therefore only be 
assessed by manipulating the exogenous variables in the Central 
Bank monetary'base. Several monetary policy 'instruments can be seen 
to be workingthrough the i components of the reserve money identity, 
which-is re-written here'for convenience as: 
RHt M NFACBt + NCGCBt + GCBCBt + GCPSt + OINt 
These policy. options'include open market operations through NCGCBt or. 
NFACBt, rediscounting through NCGCBt and credit allocations directly 
to the private sector through GCPSt. - Two simulations were performed 
that reflect contrasting monetary policies. An expansionary 
monetary policy wa& ' achieved by a 10Z permanent increase of 
the Central Bank's'credit to commercial banks GCBCBt (Table 7.20). 
contractionary poli , cy assumed a 10 1 permanent increase in total 
reserves. Total reserves were shocked by 10Z (Table 7.19) because 
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there is no detailed data on the various types of reserves. 
Table 7.19 Total reserves simulation 
(Sustained increase of 10Z) 
t GDPt BMOt PSBRt Mt pt 
1 0.00 -1.22 0.00 0.00 0.00 
5 -0.11 -0.02 2.11 0.05 0.00 
10 0.00 0.55 0.09 -0.05 0.03 
15 -0.15 1.61 0.36 0.07 -0.08 
18 -0.00 1.25 -0.17 -0.02 -0.04 
The monetary transmission mechanism in this model is very 
restricted because money in no way enters as an explanatory variable 
in real expenditure equations. The only transmission mechanism thus 
allowed is the money-price channel. The increase in credit to 
commercial banks increases real money by 5. OZ in the long-term, 
though its impact on price is very weak. The slight decline in real 
GDP is only caused by an increase in consumer price index which 
decreases real per capita consumption, and hence the imports of 
consumer goods. The slight increaseýin the GDP price deflator (Pyt) 
increases nominal taxes enough to cause the budget to decline in the 
long-run. 
Table 7.20 Credit to banks simulation 
(Sustained increase of 10Z) 
t GDPt BHOt PSBRt Mt Pyt 
1 0.00 0.53 0.00 0.00 0.00 
5 0.05 2.26 0.94 -0.57 0.31 
10 0.00 5.53 -0.16 -0.09 0.12 
15 -0.01 5.76 -0-03ý 0.05 0.00 
18 -0.11 5.00 -0.48 0.02 0.18 
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A permanent 10Z increase in total money reserves cannot basically 
falicitate a restrained monetary policy in the Algerian context 
because a 10Z sustained increase leads only to a marginal decrease in 
the money stock which dies out quickly, only to increase again after 
five periods. The simple fact, is that reserves constitute only an 
average of 3.8Z of the monetary base. Within this framework, 
therefore there is no scope for effective and aggressive monetary 
management. This fact is not a result of model simplification 
but, rather it reflects the long neglect of monetary policy 
by the Algerian planners in conducting macroecnomic policy. 
J7-41 Conclusion 
The complete macroeconometric model of the Algerian economy, 
detailed in Chapters Four and Five, was. utilised in this chapter to 
explore the consequences of the various policy options open to 
Algerian 'policy makers. The effects of changes in several selected 
policy variables (domestic and foreign) were derived from simulation 
exercises on the model. -Multipliers were calculated as percentage 
deviation from base run simulation (i. e. control). All the increases 
in- the shocked exogenous variables were sustained over the period 
1967 to 1984. Percentage 'deviations from the control solution were 
chosen because the policy impact multipliers are unit free, therefore 
comparable across equations and possibly across models. 
The -results 'of the simulations provided a wealth of information. 
However, limitations of space precluded the inclusion of each set of 
simulations, so only the most interesting are given, presented as 
compact tables. The usefulness of these multipliers is twofold. 
First, they facilitate an analysis of the statistical and dynamic 
properties of the model and serve as a tool for model evaluation. 
Second, they represent valuable information on macroeconomic policy 
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effects in Algeria. The main results obtained in these respects are 
summarised below. 
The dynamic multipliers obtained complement the performance 
analysis of the previous chapter. As far as the dynamic properties of 
the model are concerned, the numerical estimates of the multipliers 
are. on the whole acceptable: multipliers fall within an acceptable 
range, they are stable, and they gradually converge to their long-run 
values. The multipliers trace feedback, both contemporaneous and 
lagged, in the model and underline the interdependence s assumed 
between variables. Unfortunately, the numerical value of these 
multipliers was reduced because of the lack of rival macroeconomic 
models of the Algerian economy, which could have served as benchmarks 
for comparing the multiplier response of this model. Moreover 
economic theory is unhelpful. However, the pattern of the multipliers 
revealed that compositional change in the components of some 
aggregate variables is quite considerable;. the time response between 
variables varies a great, deal; in the case of impulse multipliers 
(not reported), their impact does not die out quickly. The model is 
non-linear and multipliers cannot be interpreted as ready reckoners; 
feedback, both simultaneous and lagged is substantial, especially as 
regards the supply side of the model; and trade-offs between economic 
objectives is also substantial. 
,, 
Analysis of the multipliers revealed many characteristics and, 
potential weaknesses of the model. - The first concern was the 
generation of potentially inadequate price inflation multipliers 
which may have been due to the data because, despite high economic 
growth during the sample period, registered inflation was below 101. 
The overheating effects of growth were distorted in the data which 
contrasted with the inflation multipliers generated from cost-push 
impulses. Second, some of the econometric estimation results, 
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presented in Chapter Five, were responsible for many of the dynamic 
responses of the model, reflecting the trade-off made between 
desirable estimation results and indequate dynamic simulation 
responses. The insignificance of money in the price equation was 
responsible for the weakness of the price multipliers despite high 
money increases (Table 7.3). Third, the dynamic response obtained 
reflected the fact that certain blocks in the model needed further 
elaboration to obtain a better understanding of the Algerian economy 
(this is particularly true for the relationships between the model's 
fiscal, and monetary blocks and with regard to the coordination of 
both policies). This could be achieved by elaborate modelling of 
public sector requirements, which was not undertaken in the model 
however, due to lack of data. 
The multipliers also provide a wealth of information on the 
workings of Algeria'a economic policy. Government current expenditure 
increases GDP by 0.5Z in the long run, but-would increase PSBR by Iz. 
If such an increase were to be financed through taxes the PSBR would 
improve; however, if it were to be financed by high powered money it 
would increse real broad money to 1.43Z in the long-run instead of 
0.67Z. 
An increase in government investment expenditure, would have a 
wider impact on the economy. Compositional changes would be different 
according to increases in investment expenditure in each sector. The 
main impact Would be: a marked disequilibrium between demand and 
supply. most of the cases : generating excess demand; excess supply 
would be generated , in the construction sector and transport-, 
investment expenditure -would also weaken the balance of payments, 
except in the case of the hydrocarbon and agricultural sectors; the 
PSBR would deteriorate in the first period. but would quickly 
improve, reflecting the effects of strong automatic stabilisation; 
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the investment experiments, which reflect an overfull employment 
policy, would generate small labour employment multipliers, thereby 
reducing the rate of unemployment only marginally in the short-term; 
investment expenditure would also increase consumption expenditure 
and personal income through the wage rate, which would increase due 
to pressures in the labour market. 
Increases in labour supply would generate negative growth, because 
an increase in the rate of unemployment depresses the demand side of 
the economy. The effect of the female labour supply would only be 
marginal. Tax reductions stimulate the economy, through induced 
increases in personal income; however their effects on growth would 
build up strongly in the long-run. 
World inflation depresses the Algerian economy, by increasing 
domestic inflation and eroding real incomes. The decline in oil 
prices had a strong deflationary impact on the country's economy. It 
caused a severe decline in real export earnings, thereby weakening 
Algeria's balance of payments. Inflation accelerated and total demand 
in the economy was deflated leading to a severe decline in the growth 
of GDP. As Algeria is a CPE this decline does not lead to the 
phenomenon of de-industrialisation and severity of Dutch disease. 
This is mainly because the terms of trade channel is not working in 
the economy. 
Supply side, or cost-push inflation, also leads to a decline in 
GDP by eroding real demand. This is because the model does not 
reflect a reallocation of resouces in response to a shift in relative 
prices. Incomes policy, as reflected by an increase in guaranteed 
minimum wage, has a stronger effect on demand than on cost, though 
growth in GDP is small. Monetary policy cannot be conducted 
aggressively in the Algerian economy due to the restrictive impact of 
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money. No interest rate channel operates, the impact of which on 
balance of payments is also not reflected in the model. 
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Chapter EiRht 
Policy Anavsis 
r8.11 Introduction 
In the previous chapter, we derived the various dynamic 
multipliers, using the model we developed and estimated in Chapters 
Four and Five. In this chapter we focus on the possible use of the 
model in policy and counter-factual analysis. From the results of 
Chapter Seven, it is clear that the model supports a wide range of 
policy options. Therefore it is I possible to combine some of them to 
assess the impact of a whole policy package. 
The imposed shocks were calculated so as to permit an 
implementation ý- of the policy content of the Second Five Year Plan 
(1985-1989)(1). This method helps to develop a framework for applied 
macroeconomic "analysis for Algeria because macroeconomic policy is 
implemented within the medium term planning system. The multi-shocks 
imposed on the model represent real economic policy situations. The 
detail of the plan report, and how it was implemented is given in 
Section (8.2]. ' 
The plan policy contents were simulated on the forecast path 
1985-2000(2) using -simulation output to compute the multipliers as 
in Chapter Six. The results of the ex ante forecast are discussed in 
Section [8.3]. 
Once the plan as originally perceived is implemented, its 
impacts on the Algerian economy are then analysed. The plan's 
%realism, is assessed by assuming different paths for the oil price. 
This scenario analysis would determine in which conditions the 
Algerian macroeconomic policy as reflected in the plan would be 
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sustainable. A detailed analysis is given in Section [8.4]. 
r8.21 Second Five Year Plan (1985-1989) 
Algeria is an oil exporting, centrally planned economy, with a 
dominant productive public sector. Therefore medium term economic 
planning, and oil revenues are vital tools in the hands of the 
planners. in the acheivement of economic targets. They determine the 
framework of macroeconomic policy in Algeria. There is a 
complex relationship between plan achievement and the price of oil, 
primarily because the latter determines the bulk of resources that 
finance development and growth. However, external debt is not 
excluded as a source of finance. Therefore plan evaluation and 
sustainability is important as far as a practical evaluation of 
macroeconomic policy in Algeria is concerned. A policy simulation 
approach using a macroeconometric model provides a convenient tool 
for the evaluation of macroeconomic policy-in the context of planning 
using scenario analysis. 
The use of macroeconomic models is well established in French 
indicative planning. - See Courbis (1972), Estrin and Holmes (1983), 
Gouran et al (1982). The general idea is to develop policy 
scenarios instead of a single forecast. The scenarios are based on 
multiple assumptio4s about the major exogenous and policy 
variables. 
Our -aim is to try to quantify the impact of the Algerian plan 
using a macroeconometric model. To-achieve this, we briefly outline 
the plan which is based on the plan report of the Ministry of 
Planning. (3) This outline permits us to obtain the shocks for the 
exogenous variables and to establish a link between the model and 
plan framework. 
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The base year of the plan is 1984 against which planners base 
their projections of the economy between 1985 and 1989 using fixed 
growth rates. The question of how planners based their forecasts is 
not discussed because it falls outside the scope of this study, 
although it is related to plan consistency and sustainabilty because 
it reflects the planners expectations about the future. 
The planners assumed a population growth rate of 3.2% p. a. Thi s 
high growth' of population means that the Algerian population is 
expected to reach 25.6 million in 1989, with those below 25 years old 
accounting f or two thirds of total population. This demographic 
constraint is regýrded as the most important constraint on 
development. The consequence of high demographic growth, is that 
labour supply growth will be high. The plan predicts a 42 growth 
rate for male labour supply and 91 for female labour supply. These 
f igures add a' further 900,000 to job demands 'during 1985-1989 
(200,000 females). 'This high demand for jobs could fuel a youth 
unemployment problem, however the introduction of compulsory 
schooling in the middle school and youth training schemes, are 
regarded as safeguard against the escalation of the problem. 
The second constraint recognised by the planners is the difficult 
situation in the world economy, and the possible deterioration of 
the terms of trade, due to uncertainties concerning oil and natural- 
gas markets. The volatile situation in the hydrocarbon market 
is aggravated by the fact that, on average, 79X of exports are 
hydrocarbons. Since 1980, the Algerian planners have emphasised 
the dangers and problems of sustaining a large external debt 
(see appendix A). Therefore the aim of reducing external dependence, 
might be jeopardised due to the veak balance of payments 
situation. The increase in debt repayment, considearbly 
250 
increases the debt burden. This dif f icult situation in the 
balance of payments coupled with a political determination to 
decrease debt, leads to a strain on financial resources. Adding 
to this, the decrease in oil taxes, which amounts to a large 
proportion of budget revenue, increases the likelihood of 
deficit financing from Central Bank resources, if the plan's 
targets are to be achieved. Therefore inflation could accelerate in 
the future. 
On the employment side, the major constraint is labour skills, 
which explains the low level of labour productivity and a shortage 
of skilled labour can also lead to inflationary wage tensions. This 
situation creates a tight relation between training, growth and 
consequantly job creation. The planners assume that total employment 
will increase by 4.6Z p. a to reach 4.7 million employed in 1989 with 
a job creation of 946,000. Therefore the planners assume 
implicitly that unemployment -will- continue to decrease. 
Non-agricultural employment was assumed to grow at 5.8Z p. a to 
reach 79Z of total employment in 1989. The following table gives 
growth rates by sector of employment and job creation. 
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Table 8.1 Planned employment growth (1985-1989)(a) 
Sector Growth rate Employment Job Creation 
1984 1989 1985-1989 
Agriculture 0.8 960 1000 40 
Industry 5.3 507 657 150 
Construction 6.5 663 908 245 
Transport and 
services 6.3 784 1062 278 
Administration' 5.0 842 1075 233 
Total 4.6 3752 4702 946 
Active population 3.8 4459 5373 914 
Unemployment -0.2 703 696 -7.0 
Unemployment rate -2.9 15.7 12.8 - 
(a) Employment and unemployment data in thousands of persons. 
Growth rates between 1985-1989 per annum. 
Unemployment rate is expressed in X. 
The shortage of skilled labour during-the Plan years (1985-1989) 
is estimated at 848 thousand jobs, which if compared with estimated 
job creation, reveals that if this shortage is to be satisfied during 
the plan period it will absorb most of the planned Job creation. 
Therefore the success of the employment plan is closely related to 
the supply-of the education system. 
As far as the personal sector is concerned, the plan expects 
nominal wages to increase by 7. OZ p. a, nominal non-wage incomes by 
5.3Z p. a, and current prices transfers by '5.3Z p. a. This'figure will 
increase the nominal personal disposable income by 5.9Z p. a. On the 
other hand, consumption is supposed to increase by the same amount, 
thus generating a total accumulated savings of 58.1 bn Dinars. 25 bn 
Dinars are estimated to be invested in dwellings and 30 bn Dinars 
hoarded in cash. Given a population growth of 3.2Z, per capita 
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The most important items in the Plan's predictions are public 
investment outlays which in fact determine the economic content of 
the Plan and outline growth policy. The Plan suggests an amount of 
550 bn Dinars in current prices to be invested between sectors. 
This broke down as follows and is compared with the amounts of the 
1980-1984 Plan. 
Table 8.2 Programme of planned public investment 
Sector 80-84 z 85-89 x 85-89(b) 
Agriculture 47.1 11.7 79.0 14.3 21.8 
Manufacturing 105.9 26.4 150.3 27.3 54.1 
Transport 36.5 9.3 68.3 12.4 6.3 
Construction 60.0 20.0 105.6 19.1 29.2 
Services 68.1 16.9 107.0 19.4 29.6 
Hydrocarbon 63.0 15.7 39.8 7.5 11.0 
Total 400.6 100.0 550.0 *100.0 152.0 
(b) constant price (1974-100). Data in billions of Algerian 
Dinars. 
The change in the investment allocation and the growth targets of 
investment reflect the planners priorities for growth and supply 
capacity creation. These figures cannot be simulated as they stand. 
We assumed that investment is equally distributed between the five 
years (1985-1989), thus permitting us to generate yearly planned 
public investment. These figures were then deflated by the investment, 
price deflator (Pjt) obtained from the base run solution of the model 
from 1985 to 2000. The real value of the investment plan between 
1985-1989 is estimated to be 152 bn AD. The yearly real planned 
investment figures were used to shock planned investment between 
1985 and 1989. 
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predicted, 'the growth of current price sectoral output and current 
price, GDP as follows: 
Table 8.3 Planned nominal output (1984-1989) 
Sector 1984 z 1989 z Growth(c) 
Agriculture 19.2 8.4 23.9 7.6 4.5 
Manufacturing 26.3 11.6 40.5 12.9 9.0 
Construction 36.2 15.9 54.9 17.6 7.0 
Services 59.2 26.0 83.9 26.8 7.2 
HYdrocarbon 62.7 27.6 76.3 24.3 4.0 
Others 2.8 1.2 4.4 1.3 ý8.3 
Value Added 206.4 90.7 283.9 90.5 6.6 
Indirect taxes 21.2 9.3 29.6 9.5 6.9 
GDP 227.6 100.0 313.5 100.0 6.6 
(c) all figures are in current prices, billions of Algerian 
Dinars, growth rates are expressed in X p. a. 
Accordingly, the total expenditure that -corresponds to the output 
above were projected as follow: The starred variables are treated 
as exogenous in the model, therefore the associated growth rate was 
used in the shocked run. 
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Table 8.4 Expenditure projection 1984-1989(d) 
Sector 1984 X 1989 z Growth 
Imports 61.0 26.8 82.0 26.1 6.1 
--Goods 50.2 (22.0) 69.0 (22.0) 6.6 
-Services* 10.8 4.8) 13.0 4.1) 3.8 
Exports 68.5 30.0 88.5 28.2 5.3 
-Hydrocarbon 63.6 (27.9) 77.5 (24.4) 4.0 
-Others* 2.0 0.8) 5.0 1.5) 20.1 
-Services* 2.9 1.3) 6.0 1.9) 15.7 
Consumption 129.0 56.6 172.0 54.8 5.9 
-Housholds 120.0 (52.6) 159.0 (50.7) 5.8 
--Gover=ent* 9.0 4.0) 13.0 4.1) 7.6 
Investment 89.0 39.0 126.5 40.3 7.3 
GDP 227.6 - 313.5 - 6.6 
(d) Data in current prices, billion Din ars. 
Growth rates in X p. a. ( 1985-1989). 
The realisation of the investment plan requires a financial plan 
that is compatible with the planned investment. The policy of 
external debt reduction, will put a heavy constraint on financial 
resources because the planners assume greater reliance an domestic 
resources. The investment finance policy depends primarily on the 
outcome of the oil price and external debt, as far as external funds 
are concerned. Domestic finance depends on the ability of the 
Treasury to mobilise resources from financial and non-financial 
economic agents. The retained hypothesis about the oil price in 
drafting the Plan is so crucial, that any large fluctuations in the 
price of oil leads to significant readjustments in policy. The 
planners assumed that the nominal price of oil will be stable 
around its actual value in the first years of the Plan, then increase 
later to maintain its real value. Therefore we assumed in our 
forecast of the base run that the Dollar's price of oil and the 
255 
exchange rate are constant at their 1984 value. 
Goverment current expenditure was planned to grow at 6.5Z p. a 
and public consumption of goods and services to grow at 7.61. The 
Plan expected that current expenditure will be covered by non-oil 
taxes, therefore central goverment investment expenditure has to be 
met from'oil revenues. 'The second part of public investment (planned 
investment) is assumed to be covered by the financial resources 
raised by the Treasury, or in other words, the public debt. Half of 
the public debt was assumed to be financed by insitutional savings, 
and the other half by money creation. Against this background 
information it is difficult to put a figure on the growth of the 
monetary base. Therefore we assumed that net goverment credit from 
the Central Bank (NCGCB) will grow at a rate of 7.6 X p. a which 
equals the rate set by the planners for the growth of public 
investment. 
For the trade balance to be in equilibri=, the planners expect a 
stabilisation of nominal price imports to GDP ratio of around 262, 
through import compression, especially of imports for services. 
This is expected to increase by 3.8% p. a, while imports of capital 
goods are assumed to grow by 8.5Z p. a. The planners assumed zero 
growth of consumer goods, and food by 5Z p. a, inputs by 6.52. For 
exports the Plan still assumes hydrocarbons as the major export, but 
the policy of hydrocarbon diversification. away from crude oil toward- 
natural gas and refined products is the main thrust on the export 
side. Non-hydrocabon exports in current prices are assumed to 
increase to 11 bn Dinars, of which 5 bn represent exports of goods 
and 6 bn services. The Plan expects a world inflation of 4Z to 5Z 
per annum, and that the current account exceed 33 bn Dinars, 
acc=mulated between 1985-1989. 
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From the Plan expectation figures above, we devised a 
multi-shock simulation runs designed to represent an implementation 
of the' plan. obviously the choice of 'variables was based on whether 
the variable concerned is actually endogeous or exogenous, or 
exists at all in the model. Although some scepticism might be raised 
about this practice, the essential ingredients of the Plan are 
captured within these simulations. Table [8.51 summarises the policy 
shocks used to implement the 1985-1989 economic plan 
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Table 8.5 Magnitude of shocks of the Plan instruments 
Price of oil - 29 US Dollars per barrel 
Planned Investment (Millions AD)(e) 
Agriculture - 15800/Pjt 
Manufacture - 391501PIt 
Construction - 210901PIt 
Transport - 4600/Pjt 
Services - 21400/Pjt 
Hydrocarbon - 7960/Pjt 
World price index - 5Z P. a 
Minimum Wage - 7Z p. a 
Personal non-wage income - 5.31 p. a 
Transfers to households - 5.3Z p. a 
Public ExDenditure 
Current 
,-6.5Z p. a 
Investment - 9.23Z p. a 
Consumption - 7AX p. a 
Other Taxes - 202 p. a 
Imports of services 7.4X 
Gover=ent credit from central, bank 7.6Z. 
Export of services - 15.7 X. 
(e) PIt is the inves'tment price deflator. 
18.31 Ex-ante forecast. 1985-2000 
The use of a macroeconometric model in ex ante forecasting 
requires us to forecast the set of exogenous variables. By using 
dynamic simulations in the solutions over the forecast period, the 
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lagged dependent variables are generated internally. As a 
preliminary step towards developing future forecasts for the 
Algerian economy we used a simple model for extrapolating the 
exogenous variables it up to the year 2000. All exogenous variables 
were estimated using both linear and log-linear trend models: 
Xt - ci + PT (8.1) 
Ln(Xt) - -y + eT (8.2) 
The linear trend model (8.1) produced more reliable results than 
its log-linear counterpart because the variables extrapolated with 
model (8.2) tend to increase at a rapid rate, thus generating 
inconsistent forecasts. Not all variables could be generated using 
the trend model. The nominal exchange rate and the Dollar price 
of OPEC's oil were fixed at their 1984 level. For the monetary base, 
we generated the other items category. as a residual in order to 
keep the balance between the asset and" liabilities sides of the 
identity. 
The output from the ex ante forecast to the year 2000 is very 
large. Therefore we decided to present the outcome in a compact way, 
concentrating on the ratios and indices that reflect the 
structural aspects of the economy. 
First, we concentrate on the structural aspects of the economy 
between 1984 and 2000. Table [8.61 lists the main macroeconomic 
ratios that reflect the long term behaviour of the economy. All 
the ratios were calculated from the forecast database which is 
expressed in 1974 prices. The average propensity to consume (APC) 
fluctuates around 0.8 probably reflecting a stable relationship 
between income and consumption expenditure - This stability is 
further reflected in the ratio of wages to personal income (YvtIYdt) 
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which is generated endogenously and is stable around 0.6. 
Table 8.6 Forecast of the economy to year 2000 
Main ratios and projected economic structure 
Ratio 1984 1985 1989 - 1995 2000 
APC 0.8 0.9 0.8 0.8 0.8 
Yw/yd 0.6 0.6 0.6 0.6 0.6 
I/Y 27.5 23.9 24.9 26.3 27.9 
M/Y 25.1 26.4 27.7 37.6 , 53.7 
Xly 38.1 50.6 45.1 36.7 32.3 
Y/BMO 1.3 1.1 1.1 1.1 1.1 
Un 17.8 17.4 16.5 15.6 16.4 
PSBR/Y 12.9 -0.1 -6.0 -4.0 -4.3 
K/Y 4.4 4.0 4.3 4.7 4.9 
E/Y 100.0. 119.0 118.0 116.0 113.0 
The investment, to GDP ratio (I/Y), which represents the proportion 
of national, income allocated to capital accummulation (the main 
source of growth) gradually increases from 24 X in 1985 to 28 1 in 
the year 2000. This ratio is not very different from its observed 
historical. values, but it represents a decrease from the 1970s (see 
Appendix A). This probably reflects the change of policy in the 
1985-1989 Plan which reduced the rate of capital accummulation during 
the 1980s in favour of more consumption. 
The, import to GD. P ratio (H/Y) and the export to, GDP ratio (X/Y), 
both reflect some peculiarities in the forecast. The money multiplier 
(Y/BMO) is distributed around 1.2 which is lower than the mean value 
for the historical period (1963-1984) of 2.5. - This tendency to 
decline is the product of many factors, which it is not possible to 
disentangle easily. However, this could signal the strengthening of 
the rationing in private goods markets, and- higher money expansion 
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than previously recorded. The budget to GDP ratio (PSBR/Y) 
declines, reflecting a budget surplus which results from the 
assumption of a maintained high oil price. on the supply side, the 
aggregate productivty index (YIE) reflects no improvement over the 
historical trends which were analysed in Chapter Three. This stems 
from the fact that employment is driven more by capital than by 
output. The capital output ratio (K/Y) increased slowly, even though 
planned investment is derived using a trend model. This is 
due to the fact that output growth was not significantly lower 
than capital stock growth to allow the ratio (K/Y) to increase 
considerably. Finally, employment growth was only equal to labour 
supply which kept the unemployment rate nearly constant. 
The ex ante forecast as judged by the main macroeconomic 
ratios, which represents constraints that the data should satisfy, 
could be regarded as plausible except for some peculiarities which 
resulted mainly from the forecast method. Now we expand the analysis 
of the forecast by analysing the long term structural changes in 
the economy. This, it is hoped, will show the degree of development 
of the economy by the turn-of the century. Starting with investment 
allocation, Table [8.7] gives the structural shifts in constant price 
investment allocations. 
Table 8.7 Investment allocation to the year 2000 
1984 1985 1989 1994 2000 
Agriculture 13.8 9.4 9.3 8.5 8.1 
Manufacturing 10.6 19.6 19.3 18.3 20.2 
Construction 19.2 13.7 12.1 13.5 12.8 
Transport 15.1 12.9 13.6 13.8 14.2 
Services - 30.7 20.5 22.3 '24.3 '24.4 
Hydrocarbons 10.6 23.9 23.4 21.6 20.3 
Total 100.0 100.0 100.0 100.0 100.0 
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The shift in investment allocations between the different sectors 
clearly traces out the pattern that began in the early 1980s. The 
construction and transport sectors increased their shares as 
compared with the average of 1963-1984 (see appendix A. 1), meanwhile, 
agriculture stabilised at around 81 to 91 of total real 
investment. The hydrocarbon investment share doubled beacuse of 
the maintained high oil price of the early eighties. In the event 
of 'lower oil prices, the investment structure would be altered 
only in 'one direction. The share of the hydrocarbon sector would 
decline, and the other sectors would adjust their shares 
propotionaly because the 1nvestment in these sectors is independent 
of oil price. 
The sectoral output distribution in constant prices (Table 8.8) 
shows 'a slight' decline in the share of agricultural output. The 
Table also shows clearly the slow increase in the manfacturing share 
which ''represents a good test of industrialisation. The share of 
hydrocarbons increased by '10Z due to the, increase of investment in 
this sector. Overall, the output structure illustrates the 
dominance of the mineral sector. 
Table 8.8 output origin allocation to the year 2000 
1984 1985 1989 1994 2000 
Agriculture 6.9 5.4 5.1 4.9 4.7 
Manufacturing 11.4 11.1 11.8 12.9 14.0 
Construction 14.5 14.3 11.1 7.9 5.8 
Transport 6.8 6.4 7.2 7.6 7.7 
Services 25.5 22.3 23.4 24.8 25.8 
Hydrocarbons 34.9 40.5 41.4 41.9 42.0 
Total 100.0 100.0 100.0 100.0 100.0 
Employment distribution (Table 8.9 ) shows the continuous decline 
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in the agricultural employment share from 44Z in 1963 to Just 19Z in 
2000. Employment in the industrial sector (hydrocarbon and 
manufacturing) increased slowly from 11Z in 1984 to just 20Z in the 
year 2000, indicating a moderate progress of the industrial 
sector. The other sectors have a stable share. 
Table 8.9 Employment distribution to the Year 2000 
1984 1985 1989 1994 2000 
Agriculture 27.6 24.4 21.9 19.4 17.8 
Industry 14.7 15.6 16.2 18.1 19.8 
Construction 11.9 12.0 12.5 12.7 12.6 
Transport- 4.7 5.3 5.8 5.7 5.5 
Services 41.1 42.7 43.6 44.1 44.3 
Total 100.0 100.0 100.0 100.0 100.0 
Table (8.10] mirrors a polarisation of the import structure. The 
share of food and consumer goods declines rapidly to reach less than 
one percent by the end of the -century. The decline of food imports 
was the result of the increase in agricultural output. However, 
consumer goods declined in importance under the effects of relative 
price -changes which outpaced the increase 
in consumer demand. 
Imports of inputs declined due to the increase in manufacturing 
output. The trend increase in total investment led to a sustained 
increase of capital goods imports. 
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Table 8.10 Import structure to the year 2000 
1984 1985 1989 1994 2000 
Food stuffs 6.7 6.0 4.3 1.6 0.8 
Industrial Inputs 23.2 20.7 23.5 16.1 14.0 
Capital Goods 46.1 48.7 44.7 54.3 59.2 
Consumer Goods 3.5 1.9 0.3 0.3 0.1 
Services 20.5 22.7 27.2 27.7 25.9 
Total 100.0 100.0 100.0 100.0 100.0 
The export structure (Table 8.11) shifts further towards a 
greater concentration on hydrocarbons, while agricultural exports 
declined to less than one percent in the long-run. The decline in 
agricultural exports was caused by faster world agricultural 
output, which outpaced the growth in domestic output in this sector. 
The increase in hydrocarbons is mainly due to the increase in 
hydrocarbon output, ind changes in the price of oil. 
Table 8.11 Exports structure to the year 2000 
1984 1985 1989 1994 2000 
Hydrocarbons 89.9 95.1 95.5 95.8 95.9 
Agricultural 0.4' 1.9 1.3 1.0 0.9 
Others 9.7 3.0 3.2 3.2 3.2 
Total 100.0 100.0 100.0 100.0 100.0 
The adjustment in current price taxes (Table 8.12) is affected 
mainly by the development in the tax base and by inflation. Wage and 
oil taxes declined *significantly three and twofold respectively 
despite the increase in wages and in hydrocarbon output. This decline 
'Was forced by the rapid increase in company taxes by threefold from 
1985 to the year 2000. Indirect taxes stabilised at around 20Z, while 
import taxes increased slightly. In the aggregate, direct taxes 
excluding oil revenues increased form 20X in 1984 to 351 by the 
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year 2000. 
Table 8.12 Taxes structure to the Year 2000 
1984 1985 1989 1994 2000 
Wage Taxes 9.2 3.0 2.5 2.2 2.7 
Oil Taxes 53.7 45.3 33.1 27.8 24.1 
Company Taxes 9.8 9.1 24.6 28.7 31.8 
Import Taxes 5.1 7.6 4.4 6.1 8.1 
Indirect Taxes 22.1 24.7 26.6 26.0 24.1 
Others 0.1 10.3 8.8 9.2 9.2 
Total 100.0 100.0 100.0 100.0 100.0 
Money demand in real terms did not show significant changes in 
the long run despite the endogeneity of the money multiplier. The 
currency, holding declined by 101 in favour of demand deposits. 
However, time deposits declined from 7Z to just 4Z. This adjustment 
in money holdings could be interpreted as the product of the 
interaction between inflation and growth in incomes which work in 
opposite directions and , cause the re-allocation of assets. 
Table 8.13 Money demand structure to the year 2000 
1984 1985 1989 1994 2000 
Currency 35.5 31.1 26.4 26.5 26.4 
Demand Depos'its 57.4 62.6 68.9 68.8 69.2 
Time'Deposits 7.1 6.3 4.7 4.7 4.4 
Total 100.0 100.0 100.0 100.0 100.0 
These forecasts, although still somewhat crude exercises, 
reflect some of the development features that the economy might 
experience in the future. First, despite the increase in planned 
investment' at their trend rate, the generated employment is not 
sufficient to outpace the high increase in labour supply and to 
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significantly reduce the unemployment rate. Second, the marginal 
propensity to consume (MPC) is expected to be high at around 0.9, 
despite the increase in the wage rate and independent income. Third, 
the decline in money velocity, shows the high propensity to hold 
moneyi which results from rationing in the private goods market. This 
is further indicated in the high investment output ratio. Fourth, the 
high oil price is directly represented in the budget balance, which 
declines significantly. As government expenditure was extrapolated 
using the trend mod9l, the oil revenue generated at 29 Dollars a 
barrel is more than sufficient to cover trend expenditure. 
The structural shifts in the major economic aggregates in the 
future - permit us to conclude the 'following. 
First, the share of 
manufacturing output does -not show a significant change in the 
production structure despite industrialisation efforts over the next 
decade and the maintained high investment allocation to 
manufacturing. In fact the increase in the oil price leads to a 
further dominance of the hydrocarbon sector. For employment, the 
services, sector will maintain its high share, while agricultural 
employment declines due to the negative relation between 
employment and output in this sector. Manufacturing increases its 
share by almost 20Z by, the year 2000. Imports of capital goods 
increased its share considerably. The other import components 
decreased under the impact of the increase in the supply of output 
and relative prices. On the export side, a further increase in the 
hydrocarbon ýshare is expected, while- agricultural, exports will 
fluctuate around one percent. 
The maintained high oil price will reduce the budget-output ratios 
but the share of oil taxes will decrease considerably because of the 
fast increase in direct and indirect taxation. The indirect tax 
share will increase from 22 X in 1985 to 41 X in the year 2000. In 
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the monetary sector, time deposits will decline form 7Z to just 4z 
between 1985 and 2000. However, this does not show a decline in the 
rate of finanacial deepening. But, the lack of incentives to save, in 
term of low interest rates, and the rationing in the goods market is 
expected to be responsible for lower money velocity and high cash 
holding. 
These forecasts suggest that in the coming years, the Algerian 
economy will develop considerably on the rhythm of its past trend. 
This could be due to the strong assumptions of the forecast method. 
However, given that there is no discontinuity with the past in 
term of the evolution of exogenous variables and policy setting, 
the most important conclusion is that little will appear to happen 
to the structure of the economy in terms of lower unemployment and 
trade diversification, or of the manufacturing output share. In the 
next section, we will investigate how the Plan (1985-1989) will 
affect the economy. 
r8.41 Scenario analysis 
The complex policy package which was presented in Table [8.5] was 
implemented in the model and simulated dynamically from 1985 to 2000. 
The impacts of this policy package, or the Plan, are calculted 
as pecentage deviations from the base run. Three simulations were 
conducted. In each the oil price is varied in order to quantify the 
impact of different scenarios. The shocks were sustained for the 
period 1985-1989, then removed afterwards* 
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Table 8.14 Multiplier impacts of the 1985-1989 Plan(f) 
Scena rio 1 
Variable 1985 1989 1995 2000 
GDP 21.2 15.1 2.6 4.2 
Investment 59.6 42.4 2.5 2.0 
Money'Stock 4.9 22.4 4.1 7.2 
Price index 2.6 4.9 3.4 -0.4 
PSBR/GDP o. 4 0.7 -0.2 -1.0 
Taxes 5.2 6.9 0.3 1.5 
Output 1.8 6.7 5.2 4.2 
Imports 3.0 16.5 4.2 1.7 
Exports 11.2 14.1 2.6 2.1 
BOP ý- 15.1 3.9 -8.2 1.5 
(f) Data calculated as a percentage deviation from base run. 
All data expressed in 1974 prices except taxes which are. 
expressed in current prices 
The first scenario was obtained by siniulating exactly the policy 
package of the Plan given in Table [8.5]. The assumption about the 
oil price was based on 1984, before the crash of Febrary 1986 (Fig 
8.1). This secenari. o of 29 US Dollars per barrel could be regarded 
as optimistic. Table (8.14] gives the multipliers associated 
with this scenario. The increase in GDP is very strong, resulting 
from strong demand effects generated by high investment, 
consumption and exports. 
Despite the high price of oil, the budget balance to GDP ratio, 
the PSBR/GDP multiplier, increased from 0.4X to 0.7Z between_1985 to 
1989, then declined to -1Z. This is due to the fact that at the 
maintained price of oil, the budget deficit will increase only 
slightly, because the increase in taxes compensates for most of the 
expenditure increases. Moreover, the induced impact after 1989 on 
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taxes outpaces the expenditure impacts. The GDP price index 
increases are moderate given the world price increase of 5Z and 
minimum wage increase of 71 which both act on the GDP price 
deflator via the consumer price index. 
The impact on both exports and imports is high, because 
imports are affected by the oil price, and some expenditure 
items (consumption and investment) were increased considerably 
under the impact of the Plan. However, the exports generated at 29 
Dollars per barrel 'are sufficient to finance the balance of 
payments, which on the whole increased from its base value. The 
increase in planned investment, through the capital stock, 
increases the aggregate real output at factor cost. However, 
supply side growth is sluggish as compared to the expenditure side of 
the economy. This indicates that the increase in demand is 
unlikely to be satisfied by domestic supply, therefore 
'disequilibriuml between demand and supply. will increase. 
In 1985, the OPEC oil price averaged 28 Dollars a barrel, but in 
1986 the oil market crashed. The price fell as low as 9 Dollars a 
barrel (Figure 8.1)*. The average price for 1986 declined to 15 
Dollars. For 1987 and 1988 the price raleied to between 16 and 18 
Dollars. The average price for the four years is 19.25 Dollars. The 
consequences for the Algerian economy are thought to be enormous, but 
no actual assessement is possible until data is forthcoming. As an 
intermediate step to evaluating the impact of the oil price crash, 
we formulated a second scenario, based on the more realistic figure 
of 20 Dollars a barrel for the oil price. All other shocks 
were kept unchanged. Table [8.15] gives the results for scenario two. 
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Fig 8.1 Monthly Oil Price. 083-19813 
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Source: OPEC's Monthly Bulletln 
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Table 8.15 Hultiplier impacts of the 1985-1989 Plan 
Scenario 2 
Variable 1985 1989 1995 2000 
GDP 5.9 1.5 2.32 3.89 
Investment 59.0 41.7 2.58 2.06 
Money -2.4 5.8 5.98 8.06 
Price Index 6.5 8.6 3.06 -0.67 
PSBR ' 5.3 5.6 -0.52 -0.95 
Output 1.8 6.5 5.14 4.13 
Imports 
. -0.5 12.0 4.78 2.14 
Exports -20.1 -18.4 2.32 1.71 
BOP -31.4 -25.6 -8.25 1.16 
Taxes -7.1 -5.5 0.77 1.42 
, The effects on the- economy of the glut in the oil market are 
clear, even when maintaining the Plan's high profile in economic 
policy. -The signs of depression are manifested in nearly all the 
macroeconomic aggregates. The GDP multiplier declined considerably 
compared with scenario one. However, GDP seems to recover when 
the -decline in oil price is removed. The second effect of the lower 
oil price is the twofold increase in inflation. The decline in taxes 
increases the budget deficit considerably from less than one 
percent, in the case of scenario one, to more than 51 in the second 
scenario. of course, the decline in ' the oil price triggered off a 
severe decline in total real exports. - Therefore the trade balance 
declined by more than 'M The absence of an adjustment policy that 
could redress this deviation, mainly by cutting back on investment 
expenditure, means that'investment and output are kept unchanged. 
The above scenario, as ', witnessed by the behaviour of oil prices 
over the past four years (1985-1988) is probably the closest to 
reality. But if the price of oil declines for a sustained period, 
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the goverment may readjust the Plan content, namely by altering 
the'yearly plan and the budget forecasts. In this case, it is likely 
that imports would be cut back in order to minimise the trade balance 
deficit. In addition, the planned investment figures would be scaled 
down, in line with the expected government revenues. Other measures 
could be used. However there is no evidence that the planners have 
resorted to a more severe adjustment package, because economic 
reforms are already being implemented in the context of the Plan 
(1985-1989). 
The question what would happen to the economy, if the oil price 
fell to as low as 10 Dollars a'barrel is summarised in Table [8.16]. 
The depression in the economy is even sharper. The negative growth 
in GDP between 1985 -and 1989' is caused by the severe decline in 
exports. Inflation increases further, pushing real money balances 
downward. Despite the high inflation, the budget GDP ratio increases 
8Z in 1989, because taxes decline rapidly by more than 12Z. The 
decline in real exports widens the BOP deficit by more than 50Z in 
1985, which improved gradually thereafter, but no trade surplus is 
generated even after removing the shocks in the exogenous variables. 
Table 8.16 Multiplier impacts of the 1985-1989 Plan 
Scenario 3 
Variable 
GDP 
Investment 
Money 
1985 1989 1995 2000 
'-5.4 -2.3 ' 4.1 
58.5 ' 41.4 
-6.4 -3.1 
Price Index 9.1 5.3 
2.5' 2.0 
6.8 7.6 
3.4 -0.3 
PSBR 7.3 8.7 - '4.7 -1.4 
Taxes -12.4 - -12.1 -1.2 -2.2 
Output l. '8' 6.4 5.0 4.0 
Exports- -36.5 -35.4 2.0 1.7 
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Imports -2.0 9.0 4.5 1.6 
BOP -55.6 -40.9 -8.2 -0.7 
The alternative impacts on the economy of the Plan (1985-1989) 
under three different assumptions on the oil price were discussed 
briefly above, mentioning only the impacts on the main aggregates. 
However, not all the the variables respond directly to a change in 
the oil price. Therefore the discussion below refers to 
scenario one, but the same results would be obtained under scenarios 
two and three. 
Personal consumption and income effects are considerably 
higher than the base run outcome because the increase in property 
incomeand transfers outweights the increase in both the consumer 
price index and the negative impact of the nominal wage rate which 
is caused by the increase in the unemployment rate. 
Table 8.17 Multiplier impacts of the 1985-1989 Plan 
on the personal sector. 
1985 1989 1995 2000 
Personal income 4.6 6.2 9.2 6.5 
Consumption 1.5 3.1 5.4 6.3 
Wage rate -7.6 -3.1 15.7 6.7 
The detailed impacts on foreign trade are given in Table [8-18].. 
In general, imports increase considerably under the impact, of 
relative price -andt real activity variables. Consumer demand 
increases outweigh the relative price effects, thereby 
increasing consumer imports. Increases in imports of capital goods 
are moderate compared to the increases in total real investment. 
Food imports are mainly driven by relative price, which is 
stronger than the agricultural output effect, however the increase in 
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agricultural output increases exports of food by an average of 41. 
above the base run. 
Table 8.18 Multiplier impacts of the 1985-1989 plan 
on the imports categories. 
Imports 1985 1989 1995 2000 
Inputs 0.5 -5.3 9.8 3.3 
Consumer 6.4 64.5 32.5 27.6 
Capital 4.0 3.1 7.9 1.3 
Food 0.0 4.4 4.3 3.3 
Food Exports 2.0 7.2 6.9 7.0 
The supply side of the model does not respond directly to 
fluctuations in the price of oil. Thus, the multipliers obtained 
reflect the impacts of the Plan on the economy as it was 
originally designed. It is only by altering the planned investment 
figures that the supply side of the model changes. This point 
is interesting because it shows the flexibility of the model 
in formulating different policies. The reason we did not adjust 
planned investment and public expenditure was to allow us to see 
whether the Plan is sustainable or not under different oil price 
assumptions. 
Table [8.19) gives the impacts on unemployment and sectoral 
employment. The outlook is different from the ex ante forecast of the 
previous section. After an increase in the unemployment rate, due to 
the low impact of output and capital on employment, the policy 
seems to be successeful in reducing the unemployment rate. 
Agricultural employment declined slightly because of the reverse 
relationship between employment and output in this sector. 
Employment in the other sectors increases at different rates, but 
total employment increased at a constant rate of 4Z. 
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Table-8.19 Multiplier impacts of the 1985-1989 
Plan on employment. 
1985 1989 1995 2000 
ARriculture 10.3 -0.1 0.6 0.5 
Construction 
Transport 
Services 
Total, employment 
Unemployment ". 
5.5 14.4 3.9 3.1 
0*6 0.7 6.3 4.9 
-0.1 4.5 0.8 6.9 
0.6 4. o 4.7 3.8 
11.0 -15.8 -16.6 -12.0 
The sectoral output, (Table 8.20) multipliers trace out the 
growth pattern in output generated by the Plan investment outlays. 
All -the sectors register a positive increase above the base 
run solution. Construction, transport and services-would increase 
faster than agriculture, manufacturing and hydrocarbon output. 
The -effects on ýmanufacturing output is not strong enough to 
permit a deep mutation in the production structure. The average 2 
X increase above the forecast solution path would cause the 
manufacturing share to shift upward only slightly, but it is above 
the planned share, of, 13 X. 
Table 8.20 Multiplier impacts of the 1985-1989 plan 
on output 
1985 1989 1995 2000 
Agriculture 
Hanufacturing, ý, 
Construction 
-Transport 
1-. o 3.7 3.5 3.1 
. 1.0 3.6 2.6 2.0 
,. 6.3 - 19.5 7.7 5.4 
1.6 -, 7.7 7.1, 5.6 
Services 1.2 -8.5 10.3 8.4 
Hydrocarbon 0-9 
- 
3.3 2.4 2.0 
Throughout this chapter, the model was used for policy 
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evaluation and assessement of the Second Five Year Plan (1985-1989). 
First, the base run was derived by solving the model over the 
period 1985-2000. The exogenous variables over this period were 
obtained using a mechanical forecasting rule: namely the linear trend 
model. Although the model was solved successefully, some data 
peculiarities resulted chiefly from the forecasting method. The ex 
ante forecast was assessed using the key ratios between 
macroeconomic variables (see Klein and Kosobud (1961)). These 
ratios trace out the future path and the structural changes in the 
economy, under the assumption that the exogenous variables would 
increase at their trend values. 
The, forecast exercise showed that the economy would grow 
smoothly, but exhibit a slow tendency towards structural change. 
Thi s wa s most obyious in the supply side of the economy. The 
stagnation in the unemployment rate was the main setback. The 
buoyancy of the economy in the base run simulation was helped by the 
assumption of high oil price. The Plan (1985-1989) was quantified 
and interpreted in term of a series a shocks to be applied to the 
model. The impact of the . Plan was calculated using standard 
simulation methods expounded in Chapter Six and Seven. 
The plan as was originally designed appeared to be sustainable, 
judging by its growth generation with the resouces required. In fact 
under the assumption of a sustained high oil price, -no serious sign 
of disequilibrium resulted. The sustainability of the plan was only 
undermined when the oil price fell to 10 Dollars (scenario three). 
Under the realistic, assumption concerning the oil market 
(scenario two) the assessment of the sustainability is difficult. 
Under this assumption the trade balance turned severely into deficit, 
taxes declined by an average of 6Z and -the budget income ratio 
increased by an average of 5Z. GDP gowth declined considerably as 
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compared to scenario one and the inflation increased noticeably. It 
is at least clear that the plan could only be sustained by 
providing external resources, and more domestic resouces in order to 
finance the trade and budget balances. Given the capabilities of 
the Algerian economy, this could only be achieved by further 
borrowing abroad and increased use of high powered money to 
finance budget deficits. After the oil price crash in 1986, 
planners found this strategy to sustain the Plan unacceptable. 
In 1986 they introduced a mini-budget in order to adjust the 
planned expenditure in line with the expected fall in 
goverment revenues. Therefore planned investment, government current 
expenditure, and import quotas were reduced. The IFS data of the 
IMF (1988) show that in 1986 the current value of exports 
declined by 46X between 1985 and 1986. Imports declined by 23X for 
the same period. The current account of the balance of payments 
went from a suplus of 5.1 bn AD in 1985 to a deficit of 10.5 bn AD. 
For 1986, planned goverment, revenue was expected to fall by 32.5 
bn AD because, the expected oil revenue was assumed to decline by 19 
bn AD. Therefore planned expenditure was adjusted downward by 23.5 
bn AD. The budget deficit was expected to reach 14 bn AD despite 
the adjustment of government expenditure. 
r8.51 Conclusion 
This chapter has concentrated on macroeconomic policy options for 
the Algerian economy' and the subsequent long-run adjustments in the 
economic system. The policy package tested- on the model was 
formulated so as to coincide with the content of the Second Five Year 
Plan (1985-1989), to permit an evaluation of the dynamics of the 
economy as regards an actual integrated policy package. The model was 
first used to generate an ex ante forecast for the economy between 
1985 to 2000. The database of exogenous variables was obtained using 
a- linear trend model. The exchange rate and the price of oil were 
277 
assumed to be constant at their 1984 value. The base run of this 
forecast was used to compute multipliers using simulation methods. 
The forecast, although quite a crude exercise, revealed some 
interesting long-term features within the Algerian economy. First, 
despite a high investment output ratio (accumulation rate), the 
unemployment rate did not show any significant signs of decline. 
Total labour productivity was also sluggish. The adjustment in 
sectoral output allocation also showed a sluggish manufacturing 
share. Overall the distribution pattern of sectoral output was 
fairly constant. This also- applies to the distribution of sectoral 
employment, except that the share of agricultural employment declined 
substantially. Imports were dominated by capital goods and the 
export of hydrocarbons was also stable and accounted for the bulk of 
export proceeds. The tax structure changed substantially in favour of 
company taxes, while non interest-bearing money deposits accounted 
for most of broad money stock. The forecast mainly reflects past 
trends of the economy, the latter being' stable in the absence of 
shocks. Differences regarding speed of adjustment between the supply 
and demand sides of the economy are also illustrated by the forecast. 
The policy package was simulated under three different assumptions 
about future developments regarding the price of oil. Assuming an 
%optimistic' price level, a high investment policy package appeared 
to be sustainable, generating stong GDP growth, though sectoral 
output growth would increase only slowly. The BOP would be in surplus 
and the GDP budget ratio would be very low and would decrease in the 
long run. 
Without altering the content of the policy package, and assuming 
a 'realistic, oil price level, the impact of the policy changed 
substantially. Growth in GDP, as compared to the 'optimistic' 
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scenario declined drastically, inflation increased, and the PSBR/GDP 
ratio increased as well. The BOP deficits were very high. The major 
conclusion to be drawn was that prospects for growth in the economy 
are very sensitive to the price of oil, and that the Second Five Year 
Plan (1985-1989) could not be sustained unless further resources 
were to be provided, with the additional cost of reduced growth and 
higher inflation. 
In 1986 the price of oil dropped as low as 10 $ US per barrel. The 
impact of this 'pessimistic' scenario on the Algerian economy was 
marked. In fact GDP decreased as compared to the base run path, 
generating negative economic growth. Inflation increased even more 
sharply, and both the budget and current account deteriorated 
further. In 1986, to avoid this costly outcome, planners adjusted the 
planned investment figures in line with expected income. This 
strategy which seeks*macroeconomic equilibrium 'will have even sharper 
negative effects an employment and growth, but will reduce 
disequilibrium in both the budget and foreign trade. 
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Chapter Nine 
General Conclusion 
The main purpose of this thesis was to develop a macroeconometric 
model for the Algerian economy. The model was specified and estimated 
over the period 1963-84 using annual data. It was designed for medium 
term structural analysis of the Algerian economy, and was extensively 
used for policy simulation. A set of ex ante forecasts of endogenous 
variables were generated up to the year 2000. The forecast database 
was used in scenario analysis relating the behaviour of the Algerian 
economy to changes in the price of oil. This was taken as a framework 
for exploring the Algerian macroeconomy. In this general conclusion 
we summarise the major findings of this thesis and outline some 
suggestions for further research. 
Macroeconometric models were first constructed for developed OECD 
countries after the Second World War. Thereafter they were 
continuously enhanced and improved to represent more adequately the 
macroeconomy and have since then been in constant use for structural, 
policy and forecast analysis. 
During the late 1950s, models for Less Developed Countries (LDCs) 
were developed in the hope of shedding light on the complex process 
of development and its dynamics. Despite the fact that there is a 
recognition in the literature that LDC economies are different from 
those of developed countries, model development for LDCS has 
consisted mainly of adjusting the prototype model of developed 
countries. This is so mainly because of data shortages and a lack of 
the necessary resources in LDCs to develop and sustain large 
macroeconomic databases that refelect the macroeconomy in the detail 
required by economists. However, the severity of this constraint is 
reduced because when'estimating simple macroeconomic models for LDCS, 
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the estimated parameters tend to reflect structural features of the 
economic system. 
The Algerian economy, which had witnessed a long process of 
underdevelopment under colonial rule since 1830, engaged in a 
strategy of accelerated development and growth after independence in 
1962. This policy was based on heavy industrialisation, central 
planning and the allocation of resources by the public sector, 
financed mainly by oil revenue. These features were taken as major 
factors to affect the Algerian macroeconomic policy. This policy was 
executed in a succession of economic plans, while at the same time 
the necessary institutional changes were made to lay the material 
basis for the industrial public sector. The systematic analysis of 
this policy in Chapter Three shows that the OPEC's price of oil, 
sectoral investment targets, minimum wages, world prices, among other 
f actors, 'are instrumental in the conduct of the country's 
macroeconomic policies. 
The analysis' of. the performance of the economy for the period 
1962-84 revealed that, despite a high profile investment policy, the 
outcome particularly with regards to growth was generally not as 
might have been desired. The country's industrialisation policy which 
was aimed at crea , ting a strong manufacturing sector mainly producing 
capital goods, had limited impact in this respect. Using Chenery and 
Watanabe's (1958) 'four way classification showed that the share of 
final manufacturing in terms of total value added was nearly 
constant. This confirms that import substitution of consumer goods 
was not a major concern of this industrialisation policy. Moreover 
capital goods producing industries did not increase their share of 
value added. Major 
. 
shifts in the production system occurred in 
intermediate manufacturing and final primary industries. This was so 
because the costly programme of investment needed financial resources 
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which had to be provided by increasing exports of crude oil and 
natural gas; and preliminary investment in intermediate manufacturing 
was needed in the first stage of development because such industries 
are suppliers of final manufacturing industries. 
Growth in output was generally good, with the exception of the 
transition period (1962-1966). Another exception was the 
agricultural sector which registered poor growth due to many factors 
that could be attributed to inadequate agricultural policies and 
deteriorating terms of trade between this sector and the rest of the 
economy. One of the major factors that affected output growth was low 
capacity utilisation which resulted mainly from importing 
inapropriate technology, the management style of the public sector 
corporations, and the lack of markets for large scale industries. 
Labour productivity was also generally low despite the large increase 
in the labour-capital ratio. The total factor productivity analysis 
undertaken showed that most of the growth in sectoral output was 
achieved by extending production capacity, while the effects of 
technological advances effect was minimal. 
Employment growth patterns mainly followed those of output. 
Construction and hydrocarbon sectors created more jobs. Employment in 
the manufacturing sector increased only marginally while it was 
halved in agriculture. Aggregate employment growth was not sufficient 
to reduce the unemployment rate to any considerable extent. It is 
necessary, therefore, to reconsider the sectoral choices in terms of 
achieving growth and employment to sustain the decline in the 
unemployment rate. This will be further discussed below in the 
context of simulation policies. 
Price inflation was on the whole lowe fluctuating at around 10Z 
p. a. This stickiness in prices coincided with soaring demand by 
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consumers, input and capital markets as a result of the over-full 
employment policies, which was made more acute due to the low 
absorption capacity of the economy. This was contained by stringent 
import controls and by maintaining execess demand and disequilibri=, 
especially in the durable consumer goods sector. Disequilibrium as 
regards consumer goods could be lessened by price ref orms, 
agricultural growth., policies, and by promoting certain import 
substitution policies, especially those based on the comparative 
advantage of the country. 
It was possible to sustain Algeria's ambitious investment 
programmes because the country's position regarding the terms of 
trade were relatively favourable, and more external debt was acquired 
to supplement the financial resources available. However, by the 
early 1980s this debt burden had increased to unsustainable levels. 
The impact of lower oil prices on the balance of payments and 
government budget was keenly-felt and had a marked effects on the 
economy. Oil revenues provide- the bulk of foreign exchange and 
contribute considerably to government revenues. Short term temporary 
fluctuations in the price of oil on the BOP and PSBR are absorbed by 
borrowing on the international financial market and by using high 
powered money to compensate for the loss of government income. On the 
other hand, permanent shifts in the price of oil require that 
investment, Imports, and subsidies are adjusted to bring the economy 
in line with, the new equilibrium levels (adjustment policies . to. 
external shocks for Algeria are discussed in Ballassa and McCarthy 
(1983)). - 
The -specification of the model was based on the need to capture 
adequately'the sturctural aspects of the Algerian macroeconomy and to 
identify policy channels and their instruments. This process was 
largely, determined by data availability and the modelling strategy. 
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Despite the fact that economic data concerning Algeria are scattered 
and have been drawn from many sources, the development of this model 
and the data compilations undertaken produced a large macroeconomic 
database covering economic activity in current and real prices 
between 1963 and 1984. The use of economic equilibrium relationships 
helped with the estimation of new data series concerning sectoral 
investment, capital stock, unemployment rate, wage rates, capacity 
output, etc. These estimates will undoubtedly be of great value for 
further econometric research on the Algerian economy. (The full data 
series are published in Laabas (1988)). 
The modelling strategy used here for building a macro econometric 
model played a significant role in specifying the model's equations 
and in producing a model that adequately describes the dynamics of 
Algeria's economic system. The global structure of the model and its 
steady state long-run characteristics were not imposed a priori, so 
the features of the model were known only after the modelling process 
was finished. This-method ensured that the findings of the model are 
supported by the data. 
-, The equations in the model could not be developed by adopting a 
'general to simple* modelling strategy. principally due to shortages 
of degrees of freedom. However, such a strategy would -be more 
desirable than the classical modelling method (Zellener, 1979, and 
Hendry, , 1979), because it enables - the modeller to have a greater 
command over - the econometric design process. To avoid degrees of 
freedom shortages and in order to use this strategy, a shortened 
method was adopted. It consisted mainly of iterative data mining 
until proper lags on every variable of the equation was found. The 
lags were fitted for each variable while keeping the other variables 
constant. This enstired that the number of regressors in every 
equation was kept to a minimum. 
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Macroeconomic activity in Algeria was, after an extensive search 
and specification process, represented by a small aggregate model. 
This compact theoretical model was built taking into account the 
structure of the Algerian economy and the country's policy making, 
economic theory, and econometric modelling requirements. The 
estimated model was based on this theoretical aggregate model. The 
degree of disaggregation and detail was limited by the availability 
of data and resources. The estimated equations were subjected to a 
wide range of statistical tests of the type available in Hendry's 
PC-GIVE (1986). This modelling task was undertaken noting the lack 
of previously developed quantitative relationships on Algeria. This 
meant that the econometric investigation relied on few if any known 
econometric relationships as regards Algeria. 
The estimation results provided valuable estimates of parameters, 
policy reactions and dynamic adjustment coefficients hitherto unknown 
f or the Algerian economy. The estimation of new data on personal 
disposable income for the whole period 1963-84 permitted the testing 
of major consumption functions presented in the literature. This 
showed that dynamic formulations are superior to static equations, 
which means that adjustments in this sector are considerable. Habit 
persistence was also found to be substantial. Estimates regarding 
marginal propensity to consume and personal income elasticity were 
stable across equations. other features of consumption expenditure 
'were also obtained, notably changes in income distribution 
(Kaldorian models) were found to be insignificant and the decline of 
the unemployment rate had little impact on consumption expenditure. 
Sectoral ex post real investment expenditure was estimated in a 
framework that allowed for the testing Of the impact of ex ante 
public sectoral investment and with variables that proxy the market's 
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absorptive capacity. The estimates showed decisively that investment 
follows planned investment. Other variables had limited impact. The 
dynamic' relationship between ex post total investment and ex ante 
planned investment permitted the estimation of the investment backlog 
after each planning period. 
estimates were substantial. 
The sectoral variations of these 
The gover=ent, therefore, could 
manipulate investment targets to reduce the sectoral imbalances in 
the cipital. market and produce balanced growth. 
Foreign trade was modelled ' comprehensively providing an 
explanation of the trade balance. Hydrocarbon exports are mainly 
affected by oil price levels, world ' hydrocarbon demand and 
hydrocarbon output. Agricultural exports, although dwindling 
throughout the sample period, responded significantly to world 
agricultural output, relative prices, and domestic agricultural 
output. 
The import categories were explained by simple econometric 
relationships 'fitted primarily to relative prices, domestic demand 
and, in some cases,. restricted to domestic supply. Relative price 
elasticities revealed that imports, as expected, were 'complementary 
goods, not substitutes for home production. Import controls were 
captured by dummy variables. 
The construction of a capital stock series permitted a direct 
istiMation'of the production function. 'A variety of functional forms 
were tried'out. The neoclassical -constant elasticity of substitution 
(CES) could not be 'estimated directly by a non-linear maximum 
likelihood - method, probably because of the multi collinearity of the 
regressors vhich makes the likelihood 'function relatively flat. 
Constant returns' to scale was preferred to an increasing or 
decreasing returns to scale Cobb-Douglas production function. The 
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obtained elasticities differed widely from average income shares in 
some sectors, which show the distortions in the factor markets. This 
could be reformed by allowing factor prices to adjust to their 
equilibrium levels. Hydrocarbon output was based on a Leontief 
production function with capital stock as the limiting factor. 
Employment equations were based on a model that used output, 
capital stock, unit labour costs, dummies and trend variables. The 
output effect was considerable, reflecting the impact of growth on 
the job creation. However, it was the impact of capital stock which 
was the overriding feature. This reflects the fact that capacity 
creation is the main factor of job creation. Installed capacity, not 
utilised capacity, was used as a regressor. This reflects the fact 
that employment decisions in the economy do not follow short-term 
swings in output. This is in accordance with the high levels of 
over-manning in public sector corporations. The effects of unit 
labour costs was limited. 
The wage rate modelling exercises revealed that a nominal 
aggregate wage rate produced better econometric results. The 
aggregate nominal wage rate was preferred to sectoral rates because, 
in the Algerian economy, the cost effect of wages is rather limited 
compared to the expenditure effect. Variation in the wage rate was 
found- to respond to a lagged unemployment rate. which captures the 
effects of pressures of demand in the labour market. Expectations 
regarding inflation were modelled by a lagged consumer price index. 
This assumes an adaptive expectation scheme. Given that the Algerian 
economy . is centrally planned, wage planning was captured 
by 
constructing: a minimum wage rate variable. This is regarded as a 
policy variables in the hinds of planners to execute the incomes 
Policy. Incomes policy was also captured by dummy variables. 
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Government activity was explained by exogenous expenditure and 
endogenous revenue. The tax equations were found to respond chiefly 
to the tax base. Inflation rate, price of oil and dummy variables 
were also used to determine the revenue side of the government 
budget. The estimated tax elasticities showed that fiscal policy in 
raising extra income is different acording to the particular tax rate 
being manipulated. 
The price sector of the model, which comprised eleven behavioural 
equations, offered a systematic analysis of inflation in Algeria 
between 1963-84.. Output deflators were explained by a series of 
regressors that reflect cost elements, and expenditure deflators were 
pivoted around them. ' The effects of the price of imports on output 
and expenditure deflators were widespread. The long lags attached to 
this variable reflect the impact of subsidies, long practised by the 
Treasury to stabilise prices and absorb world inflation. The 
monetary aggregate had little impact on price increases, the 
exception being the currency growth variable in the consumer price 
index equation. The result is compatible with evidence regarding the 
Centrally Planned Economies (CPES) of Eastern Eaurope. This is 
because price controls constrain prices to grow proportionally to 
excess liquidity in the economy. This excess money spills over into 
the economy and creates a situation of excess supply, especially in 
the consumer goods market. 
The impact of sectoral wage "rates on output: deflators was also 
limited. This excludes the wage-price spiral from operating in the 
Algerian economy. Output pressure on prices was captured by an index 
Of Output capacity calculated from the output trend for each sector. 
The impact of this capacity output was -found to be positively 
correlated with expenditure deflators, and negatively correlated 'With 
output deflators. Therefore an increase in real output above its 
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trend level would reduce inflation, reflecting a bottleneck effect, 
meanwhile increases in expenditure prices reflect the effects of 
over-heating. Finally, interdependence s between output prices were 
captured by price indices of intermediate input demand, calculated 
using technical coefficients from various input-output tables. 
The monetary sector of the model was found to be suitably 
represented by a money multiplier model. The monetary base was 
assumed to be exogenous, representing monetary instruments of the 
Central Bank. Money demand equations were represented by a dynamic 
version of the inverse velocity model. This model permitted the 
estimation of the relevant elasticities and the dynamic pattern 
between monetary growth, income and inflation. 
The model was finally augmented by a series of identities and 
closing-off relationships. The complete model describes the Algerian 
macroeconmy in some detail, giving more weight to demand and supply 
sectors than to financial transactions. This was brought about by the 
lack of' appropriate data and the relative neglect of financial 
policies in the Algerian economy, especially those pertaining to the 
exchange rate, ' interest rates, and tax rates. Aggregate supply and 
aggregate demand were not equilibrated in the model because it was 
found that speeds of adjustment in both sectors of the economy are 
widely different. Bridging these two sectors with inventory 
investment created "-unrealistic levels of stocks. Also aggregate 
disequilibrium is not always met by building or drawing stocks. 
The econometric estimation of single - equilibrium equations for 
Algeria showed that dynamic adjustment is widespread in the economy, 
and'- 'sectoral structural - differences are significant. Horeover 
feedback in the economy is also markedly present which makes an 
analysis of macroeconomic policy a complex process. 
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Despite the widespread use of endogenous variables as regressors 
in the model, OLS estimates were found to be feasible when compared 
to principal component 2SLS estimates. The variability of the 
predetermined variables was explained only by eight components. This 
small predetermined variables list justifies the cost-benefits of 
using this estimation method. 
The model was solved succsesfully using a Fletcher-Powell 
algorithm. The simulation approach was used in the first instance as 
a device to check the numerical consistency of the model. Overall, 
the model's tracking performance was good. Exceptions were the 
balance of payments and inventory investment which are very volatile 
variables. They are recursive in the model. so their impact is 
isolated and cannot create error loops. In the process of evaluation 
many tests were carried out. These tests revealed that the model 
adequately tracked historical data and reproduced, to a reasonable 
level of accuracy, the turning points in the data. The model is 
stable, though a strong unsustained disturbance in oil price created 
a,, deep recession in the economy, This latter, however, quickly 
returned to its equilibrium path. The model is relatively insensitive 
both to sample period and to some parameters. 
The model was then used in a simulation analysis of policies to 
further check its compatibilty with economic theory and to generate 
policy response in, an attempt to understand the dynamics within the 
Algerian economy. The computed multipliers revealed, some interesting 
features regarding the dynamic behaviour of the model. The numerical 
estimates of these multipliers are, on the whole acceptable: 
multipliers fall within an acceptable range, -they are stable, and 
they converge gradually to their long-run values. They trace 
feedbacks, both contemporaneous and lagged, in the model and 
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underline the interdependence assumed between variables. The pattern 
of the multipliers showed that compositional change is considerable; 
the time response of multipliers varies a great deal; the model is 
non-linear; and multipliers cannot be interpreted as ready reckoners; 
trade-offs between economic objectives is also substantial. Textbook 
macroeconomics, therefore, cannot be used as a reliable tool to study 
economic structure and macroeconomic policy in Algeria. The 
complexity of the economic system is better understood by a 
macroeconomic model of the type outlined here. 
The multipliers also provide a wealth of information on the 
workings of Algeria's economic policy. Government expenditure 
increases GDP with a decreasing multiplier despite the fact that the 
increase was sustained. A tax finance policy is preferred to a money 
finance of such an increase. Over-heating effects of such an increase 
in expenditure are limited because prices are not flexible. 
An increase in planned investment would have a wider impact on the 
economy according to increases in investment expenditure in each 
sector. Such increases would generate a marked disequilibrium 
between demand and - supply, most of the cases generating excess 
demand. Investment policy, therefore, cannot be expected to reduce 
disequilibrium and bottlenecks in the economy. In our view, this 
could be achieved only if a shift in the input mix of the production 
process occurs and capacity utilisation increases. This would make 
the supply response faster to capital accumulation. The technology, 
as reflected by the production function estimates, represent the 
major source of stickeness in output generation. 
I 
Investment expenditure causes deterioration in the balance of 
payments, except in the case of hydrocarbon and agriculture. Given 
the'volatile situation in the world hydrocarbon market, Algeria' BOP 
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could be improved by a suitable investment policy in agriculture and 
by diversifying hydrocarbons away from crude oil exports. The 
promotion of agricultural output also leads to a reduction of 
imports. The promotion of the export of manufactured goods, however, 
cannot be explored in the model, because such goods constitute only a 
small proportion of exports, but they are obviously an alternative 
solution to the BOP problem. 
Expenditure in investment would increase the budget deficit in the 
first periods, but this situation would quickly improve, reflecting 
the effects of strong automatic stabilisation. 
The impact of investment on reducing the unemployment rate was, 
generally limited, a result which was also a consequence of the 
structure of production functions. A faster reduction in unemployment 
could only achieved by further shifting the production process toward 
more labour-intensive processes. The reduction in unemployment leads 
to an increase in consumer demand through the wage rate, due to the 
trade-off between unemployment and wage rates. Increases in labour 
supply would generate negative growth, because an increase in the 
rate of unemployment. depresses the demand side of the economy. 
-World 'inflation depresses the Algerian economy by increasing 
domestic inflation and-eroding real incomes. Therefore a devaluation 
of the Algerian Dinar would be inflationary. The decline in oil 
prices had a strong deflationary impact on the economy. The 
inevitable outcome'vas a deterioration of the BOP, higher inflation, 
and negative growth. Given the dominance of oil exports in the 
economy, an adjustment policy of. establishing equilibrium in the BOP 
and budget would- be achieved- by restraining growth by cutting 
investment expenditure and imports. This policy would further reduce 
growth. 
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Cost-push inflation has a strong impact on the economy. It also 
leads to a decline in GDP by eroding real demand. This is because 
price stickiness does not allow a reallocation of resources in 
response to a shift in relative prices. Incomes policy has a stronger 
effect on demand than on cost, though growth in GDP is small. 
Monetary policy cannot be conducted aggressively in the model of the 
Algerian economy due to the restrective impact of money. 
These sets of. policies reflect the basic facts about the 
macroeconomic* structure of the economy. The basic problems of 
sustained growth, lower unemployment and inflation and equilibrium in 
BOP and the -budget cannot be adressed simultaneously. Moreover$ 
sluggishness in output and lower oil prices are the major sources of 
disequilibrium in the economy. Higher oil prices during the 1970s and 
early 1980s gave the country the opportunity for fast expansion. In 
the main, this policy was extensive and oil revenue and external debt 
presented the main sources of finance for development. If, as is 
expected the price of oil declines and stabilises at levels lower 
than-, previously, the country's economic problems are bound to be 
aggravated. Future development policy would have to find alternative 
sources of -finance, One such alternative would be to reduce the pace 
of development, -as has been the case since 1982, opening up the 
economy to, international investment. This is currently regarded as 
being feasible by the political -leadership, but who are reluctant to 
bring firm legislation in this respect. Other alternative can be 
envisaged such as developing tourism for example. 
The second problem concerning sluggishness in the supply system, 
especially iný the manufacturing sector, is being tackled by a 
fundamental reform of the public sector -corporations. The laws of 
%economic, public entreprises- and- self-management will reduce 
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bureaucratic intervention (the end of central planning), and other 
policy instruments will be available to policy makers to regulate the 
Algerian economy. This would include a stronger fiscal policy, and 
interest rate and exchange rate policies. The new laws. of credit 
deregulation and expansion of the private sector, as well as the 
profound changes in the Lnduct of public entreprises will lead to a 
reformulation of Algeria's macroeconomic policy. 
Algerian macroeconomic policy has hitherto, been executed within 
the framework of a planning system which has defined the instruments 
to be employed and the targets to be achieved. The model was used as 
a device to evaluate such a realistic macroeconomic policy by 
evaluating the impact of the Second Five Year Plan (1985-98). It was 
first used to generate an ex ante forecast of endogenous variables 
between 1985 and 2000. The database of exogenous variables was 
obtained using a linear trend model. The base run of this forecast 
was used to compute multipliers using simulation methods. 
The forecast revealed some interesting long-term features within 
the Algerian economy. -First, despite the high'accumulation rate, the 
unemployment rate did not show any significant sign of decline. Total 
labour productivity was also sluggish. Adjustment in sectoral output 
allocation also showed a sluggish manufacturing share, which further 
supports the single shock investment policies, which revealed such a 
slow adjustment in the supply side of the economy. Even if higher oil 
price should prevail, therefore, past tendencies within the economy 
would persist. This justifies the reforms undertaken to increase the 
flexibility of the production system. 
Overall, the forecasts reflect past trends within the economy, the 
latter being stable in the absence of shocks. Differences regarding 
speed of adjustment between the supply-and demand sides of the 
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economy are also shown by the forecast. 
Comparative future growth of the economy, as portrayed by the 
model and as obtained by the plan using constant growth rates, differ 
widely. The model forecast is bound to be more realistic in that the 
model is superior to mechanical forecasting rules because it takes 
into account the simultaneity between variables, dynamic and 
equilibrium relationships which has to be satisfied by the forecast 
generated by the model. The model also provides a reliable tool for 
generating alternative forecasts according to the situation in 
domestic and the world economies. 
Alternatives were calculated for the forecast assuming three 
different levels for the price of oil. Assuming an ýoptimisticl oil 
price level, the Second Five Year Plan appeared to be sustainable. 
Without altering the content of the policy package, and assuming a 
%realistic' oil price level, the impact of the policy changed 
substantially. The major conclusion to be drawn was that prospects 
for growth in the economy are very sensitive to'the price of oil, and 
that the plan could not be sustained in its original form unless 
further resources were to be provided, with the additional cost of 
reduced growth and higher inflation. The planners found this strategy 
unacceptable, and in anticipation of the results obtained in the 
"Pesimistic' scenario they modified the plan target and adjusted 
expenditure. levels downward. However, there is no obvious short term 
solution to the achievement of sustained growth in the economy given 
low oil prices. 
The model provided the framework for applied econometric analysis 
regarding the Algerian economy. This, however, is only a preliminary 
step towards a more comprehensive analysis and, with the benefit of 
hindsight, some directions for further research could be given. 
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As far as the specification of the model is concerned, more model 
refinements could be undertaken. The disequilibrium in the model 
could be tackled by adopting more formal techniques in order to 
include the fact that in excess supply of money spills over to the 
consumer market. Given the interaction of supply and demand this 
creates disequilibrium. Further research, is therefore required into 
consumption function modelling, money demand and adopting 
disequilibrium techniques. Unfortunately, the lack of available data 
in Algeria did not allow us to test for excess demand, and could only 
be a priorl imposed*in a small model containing a small number of 
equations (see Conway and Gelb, 1984). 
GDP and output links could be further strengthened by adopting 
input-output technical coefficients which would permit the 
translation of demand into a corresponding supply of output. This 
need not to be substituted by production function equations, because 
the latter could be used to explain capacity output. 
The relationship between money supply, PSBR finance and balance of 
payments (BOP) needs more thought. The definition of money supply 
needs to be extended beyond the Central Bank balance sheet in order 
to link it to the PSBR and the BOP. Though the price sector was 
modelled comprehensively, using a structural approach, the role of 
monetary factors needs further investigation. 
As far as simulation is concerned, the model's tracking 
performance should be improved so that the RMSPE falls below the 10Z 
level. In this respect the BOP should be treated at the disaggregate 
level so that volatility could be reduced in this variable. Tracking 
performace techniques could be extended to include stochastic 
simulation to investigate stochastic properties of the model. 
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The ex ante forecast could be improved by adopting time series 
techniques for the exogenous variables and error adjustments to 
produce more reliable forecasts. 
Such improvements are bound to improve the model and increase its 
level of accuracy as a device for analysing the Algerian economy. 
After all, models which were built decades ago for developed 
countries undergo changes every time new data is released, or new 
economic evidence and techniques become available. 
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Notes 
Chapter one 
1. The comparative -study of development models and macroeconomic 
models in the case of Less Developed Countries is given in Behrman 
(1975), Behrman and Hanson (1979). 
Chapter Two 
1. Only ten models were used in our sample (Table 2.2) to study the 
characteristics of LDCs' macroeconomic models. 
2. The studies of Conway and Gelb (1984) and Standeaster (1986) are 
the only applied econometric studies of which I am aware; both are 
concerned''with consumer disequilibrium. The study of Souames (1986) 
deals with the estimation of a linear expenditure system using 
expenditure survey data for 1979-1980. 
3. This survey is non technical, so as to avoid repetition occurring 
in subsequent chapters. 
4. Klein (1983a) gives a rule of thumb to classify models based on 
the number of equations: very small -9 or less; small - 10-49; 
medium - 50-119; large - 120-199; very large - 200 or more. 
5. This point is discussed in Chapter Eight. An illustrative example 
is given in Gouran et al (1983). 
6. A critical study of the role of optimal control in the context of 
macroeconomic policy is given by Currie (1985). An illustrative 
example is given in Pindyck (1973). 
7. See'the comparative study of Wallislet_al (1987). 
8. Such tests are given in Hendry (1989). 
9. There is some confusion in the literature about the consistency of 
these modified estimators; for example, compare 2SLS-PC in Mitchell 
(1972), Brundy and Jorgenson (1971), and Salmon and Eaton (1975). 
10. The structural form of a macroeconomic model could be transformed 
into final equations which enable the representation of each 
endogenous variable in the dynamic simultaneous model by a univariate 
ARMA, pr_ocess. 
11. The main methodological limitation discussed by Deaton (1982) is 
the inability to solve analytically non-linear models, i. e. 
unavailability of re4uced form parameters. 
12. For example, many models include forward expectations solutions. 
See Wallis et al (1987) for an exposition of this. 
13. Shourie (1973) shows that ' 
the models ' 
he surveyed are based on a 
limited number of explanatory variables in each equation, and a 
limited sample size. The distribution by the number of regressors 
used in the equations is as follows: total number of equations 370; 
equations with one regressors 281 (75Z); two regressors 67 (18Z); 
three regressors 21 (5.61); four regressors. 1 (0.21). 
14. In the' econometric analysis outlined in Chapters Four and Five 
the Neoclassical formulations are tested for Algeria subject to data 
availability to assess such claims. 
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15. Monetarist models are usually used in LDCs' models to develop 
equations for money supply and demand and to examine the 
transmission mechanism of money. This idea was applied to our model 
of Algeria by postulgting a money multiplier model. 
16. This does not exclude other frameworks being articulated within 
this structure, such as a monetarist model for money supply and 
developing a CES production functions, etc. 
17. The fundamental difference between Pesaran's model and that 
outlined in this thesis lies in the fact that Algeria is a CPE, so 
the effects of exchange rate and interest rate on the balance of 
paymenyts and the PSBR are not present. 
Chapter Three 
1. Full details of the Algerian production system during the Fifties 
is given in Ministere de l'Algerie (1955). 
. 
2. Benissad (1979) assumed that a policy of ISI was prompted in LDCs 
due to inflationary pressures and balance of payments difficulties. 
3. A critical analysis of such methodology is given in Wilson (1988). 
4. See, for example, the International Labour Office (1967) Labour 
Survey of North Africa. 
5. These are, mainly,, the Algiers Charter (1964), the Tripoli Charter 
(1963), and the National Charter (1976). 
6. Such figures are given in Conway and Gelb (1984). 
7. First Three Year Plan (1967-1969)-; First Four Year Plan 
(1970-1973); Second Four Year Plan (1973-1977); First Five Year Plan 
(1980-1984); Second Five Year Plan (1985-1989). 
8. The nationalisation programme is detailed in Temmar (1982) and 
Benissad (1979), Benaouada (1983). - 
9. According to the Ministry of Planning (1980) some 402 billion 
Algerian Dinars were invested between 1967-1978. 
10. Reorganisation of public corporations and concentration indices 
before and after the reforms are given in Bouzidi (1984a). Before 
reorganisation, there were 19 public industrial companies with an 
average of 26 production units per company. The average number of 
employee per company was 21,500 in heavy industry and 12,480 in light 
industry. After reorganisation the 19 companies were split into 103 
companies, reducing their market concentration. . 
11. A comparative analysis of both models is given in De 
Bernis, (1976). 
12. A schematic analysis of this cycle is given in Benissad (1979). 
13. Seradj (1979) lists most of the foreign companies involved in 
this process. 
14. Data on capacity utlisation in Algeria are scarce. However. a 
detailed picture for 1980 is provided by the histogram drawn from 
data given in Ourabah (1982). 
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15. An historical analysis of Algeria's import regulations is given 
in Benaouda (1983). 
16. This is evident in the labour survey from 1982 onward. In 1982, 
32.5Z of the active population was considered to be mobile. 
17. The study is analysed in Temmar (1983). 
18. The scenario analysis is given in Gelb (1985). 
19. Models of 'Dutch Disease* are analysed in Jazayeri (1988) and the 
references given therein. 
20. See Appendix B for data sources. 
21. This point is clearly reflected in the above histogram. 
22. Patterns of the Algerian migration are analysed in Benachenhou 
(1979) and Mouaffeg (1984). 
23. Calculated as the ratio of tax level to corresponding tax base. 
Chapter Four 
1. Such studies are given by Song (1981) and Modigliani and Trantelli 
(1975). 
2. The bargaining theory of planned investment determination in the 
iterative process of a CPE is given by Bauer (1981). 
3. This idea was taken from Green (1978) who postulate that such a 
dummy captures the administrative impact of regulating investment in 
a CPE. 
4. The supply side of this model is represented by a six sector 
disaggregation level covering: agriculture, manufacturing, 
construction, transport, services, and hydrocarbon. 
5. See Thomas (1983) for a discussion. 
Cha, Dter Five 
1. There is a certain degree of trade-off regarding satisfying these 
design criteria. The equations were chosen according to the maximum 
number of statistics passed and more weight was given to economic 
theory compatibility rather than good statistical fitness. 
2. DW refers to theýoriginal unadjusted statistic. 
3. Measures considered were export capacity to imports, terms of 
trade, and foreign reserves. 
4. This dispute led the Algerian government to reduce the area of 
viticulture. See Benissad (1979) for details. 
5. On average, this category consists of 751 of imports which are 
further processed by the Algerian industry. 
6. On' average this category consists of 25Z of durable consumer 
goods. 
7. -Some experimentation as regards different' capital-output ratio 
showed that the parameter estimates are quite robust to errors in 
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capital series. 
8. See Bacha (1980) for an exposition. 
9. See Table 27 and 28 (p. 62-63) in Benachenhou (1983). 
10. The IMF Report (1977) indicates that in 1974, oil taxes and 
royalties were imposed as follows: royalty rate - 14.5Z and profit 
tax rate - 56.4 X. 
11. Data on capital utilisation for a few industries and a few sample 
points are available- in Benachenhou (1983). For example, he reports 
the following rates for light industries: 
1969 1973 1977 1978 
74.0 80.0 76.2 78.8 
12. These refoms included centralisation of financial transactions 
of the public corporations under the command of the Treasury. 
13. Benissad (1980) estimated cash hoarding to be in the order of 
23.7Z of money stock. 
Chapter Six 
1. The solution form of a linear model is derived in Klein (1983a), 
as is a technical discusson of model solution methods. See also 
Ficher and Hallet (1987). 
2. The TSP implementation in the Cyber computer at Bradford 
University was very restrictive, and could not handle models of more 
than 20 equations with 18 observations. The model was therefore 
solved on the Amdhall computer under the CHS operating system with 
virtual memory setup. This configuration handles models of several 
hundered equations. 
3. The Behramn (1977) model, is probably the best attempt at LDCs' 
modelling, yet the RMSPEs computed were as high a 192Z. 
Chapter Seven 
1. Multipliers for impulse shocks were also computed for all 
simulations. It was found that they were sensitive to small changes 
in the unemployment rate which created some incompatible multipliers. 
However, in most cases when these multipliers were cumulated, their 
values were not so different to sustained shock multipliers. 
2. In fact, a financing assumption, say through an increase in NCGCB, 
would not alter these simulations (except money multipliers) because 
BMO is recursive. 
3. Hydrocarbon output was used as the tax base instead of hydrocarbon 
exports because the oil price captures the effect of exports on 
budget revenue. 
4. See the World Bank Developmwnt Report (1987) for comparison (Table 
25). 
5. Exchange regulation and arrangements for Algeria are described in 
IMF (1987). 
6. This remark is based on the performance of the Algerian economy 
since the decline in oil in 1982. 
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Chapter Eight 
1. A strict implementation of the plan is not possible because the 
model was not built with this objective in view. However, a reading 
of the plan report (Ministry of Planning (1984)), and Sinclair 
(1986)), provided guidance on the exogenous variables to be shocked 
(Table 8.5) which corresponds, as closely as posible, to an 
implementation of the plan policy. 
2. The simulation was first conducted on the years 1967-1984, but the 
control solution was incompatible with the magnitude of the shocked 
path. This obliged us to engage in an ex ante forecast of the economy 
and to use this as týe control solution. 
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Appendix A 
, 
Growth Pattern of the Algerian Economyt 1963-1984 
Aimendix A. I 
In this appendix the various economic equilibrium ratios and 
indices for the period 1963-1984 are presented, to reflect the major 
structural characteristics of economic activity at the macroeconomic 
level. Data sources are given in Appendix B. 2 
Share of value added(l) 
Final Manufacture 
Final Primary 
Intermediate Manufacture 
Intermediate Primary 
Services 
Total 
1954 1963 
16.3 15.4 
38.4 17.1 
2.4 3.4 
10.0 29.0 
33.1 35.2 
100.0 100.0 
1968 
17.7 
18.3 
4.9 
23.8 
35.3 
100.0 
1974 1979 
13.2 16.7 
50.0 32.1 
10.1 12.2 
8.6 18.0 
18.0 21.0 
100.0 100.0 
(1) Calculated using input-output tables for these years and the 
four-way classification of Chenery and Watanbe (1958). 
Deviation of planned investment from actual investment(3) 
Sector 1967 1969 1973 1977 1980 1984 Hean 
Agriculture 9.6 -4.9 47.7 85.0 *67.0 27.0 44.6 __ Hanufacture 50.0 31.6 -9.1 -32.3 43.9 126.0 27.7 
Construction 45.7 50.8 28.2 -27.6 63.0 16.3 53.9 
Transport 21.7 24.8 -59.0 -19.5 63.5 4.4 -1.6 
Services 8.3 -14.6 36.3 27.1 -6.6 -36.0 12.8 
Hydrocarbon 24.0 19.1 -25.3 -57.6 -8.0 65.1 0.2 
As a percentage of actual investment. 
Agricultural area (million hectars) 
1967 1969 1973 1977 1980 1984 Mean 
Gover=ent 1; 90 1.90 2.59 3.06 3.08 2.42 2.59 
Private 4.91 4.91 4.55 4.47 4.42 5.08 4.63 
Total 6.82 6.82 7.15 7.54 7.51 7.50 '7.22 
Agricultural comm dities production (000* tons) 
1963 1969 1973 1977 i9so 1984 G(4) 
Citrus 4.3 5.1 4.4 3.1 3.5 2.8 -7.9 
Viticulture 12.6 8.7 5.9 2.5 2.8 1.3 -8.4 
Potatoes 2.0 2.2 2.9 4.7 5.9 4.9 2.8 
Dates 1.7 0.7 1.6 1.9 1.9 1.8 2.4 
Cereals 23.1 18.5 15.9 11.4 24.2 14.4 -0.6 
Growth rate, I p. a. 
Net-barter terms of trade 
1967 1969 1973 1977 1980 1984 G 
NBTT 44.1 39.9 44.6 s2.5 89.2 85.4 10.1 
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EýnDlovment. labour sum)lyand unemploymen 
1967 1969 1973 1977 1980 1984 G 
Population(a) 12.5 13.3 15.0 17.0 18.6 20.8 2.3 
Population(15-64)(a) 5.9 6.3 7.2 8.2 9.0 10.5 3.3 
Labour Force(a) 2.2 2.4 2.8 3.3 3.7 4.3 3.5 
Share of Females(b) 4.5 4.8 5.5 6.4 7.1 8.5 7.3 
Employment(a) 1.7 1.8 2.1 2.6 3.1 3.7 4.7 
Unemployment(b) i3.1 22.9 23.5 20.6 15.7 15.0 -3.9 
1965 1975 1977 1980 1984 
, 
Rural population(a) 7.5 8.5 8.8 9.2 9.5 
Rural labour force(a) 1.8 1.9 1.9 2.0 2.1 
Urbanisation rate(b) 34.9 46.3 48.2 50.6 54.1 
Active rural population 
not in agricluture(b) 64.3' 53.9 59.4 52.6 55.2 
(a) Data in million persons, (b) Data as a percentage 
, 
Consumption, savings, 
1963 
Consumption to GDP 62.2 
Food share 47.3 
Services share 22.7 
Manufacture share 30.0 
Total 100.0 
person 
1969 
57.2 
45.7 
37.2 
37.2 
100.0 
al inc 
1973 
52.2 
50.8 
14.5 
34.7 
100.0 
=e 
1977 1980 
46.8 42.9 
47.8 44.9 
13.5 12.6 
38.7 41.9 
100.0 100.0 
1984 
44.0 
45.3 
8.9 
45.8 
100.0 
Mean 
52.0 
48.0 
15.7 
36.2 
100.0 
Transfers 19.1 16.9 18.3 15.9 11.8 11.4 15.9 
Property income 31.4 38.9 31.3 29.3 26.8 25.0 29.9 
Wage income 49.5 44.1 50.3 54.7 61.3 63.4 54.1 
Income 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
APS 7.7 17.5 14.2 6.8 15.6 10.0 4*5 
Foreign Trade 
Imports to GDP 
Exports to GDP 
TB to GDP 
BOP to GDP 
import structure 
Food 
Inputs 
Capital goods 
Consumer goods 
Services 
Total 
1963 1969 1973 1977 *1980 1984 Mean 
32.0 27.0 31.0 44.0 30.0 23.0 30.0 
24.0 23.0 25.0 32.0 34.0 26.0 27.0 
8.3 4.3 6.2 12.5 4.4 2.7 3.2 
- 2.9 5.2 11'. 5 0.6 0.1 2.6 
1963 1969 
17.0 11.0 
20.8 33.2 
14.1 29.7 
25.8 9.6 
22.3 16.5 
100.0 100.0 
1973 
16.0 
30.8 
32.3 
6.2 
14.7 
100.0 
1977 
12.0 
27.2 
35.9 
4.6 
20.3 
100.0 
1980 1984 Mean 
15.0 12.0 15.9 
27.7 35.1 28.6 
31.3 28.7 29.5 
5.4 5.1 10.6 
20.6 19.1 14.2 
100.0 100.0 100.0 
Export structure 1963 1969 1973 1977 1980 1984 Mean 
Food 36.0 18.4 9.9 1.9 0.8 0.3 11.1 
Hydrocarbon 67.9 62.9 79.9 92.6 90.7 90.5 77.8 
Crude oil 94.3 98.0 93.6 97.3 84.4 69.3 89.0 
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Externalýdebt 1967 
Debt to GDP 14.6 
Debt to export 62.7 
Debt repayment 
to export ratio 5.3 
Interest to export 1.3 
Investment ratio(a) 
1063 
Agriculture 24.4 
Manufacture 53.1 
Construction 14.9 
Transport 32.9 
Services 7.0 
Hydrocarbon 36.4 
Aggregate 20.6 
1969 1973 1977 1980 1984 Mean 
17.3 36.7 41.2 36.7 23.6 29.6 
73.9 145.4 127.4 105.7 89.7 106.0 
5.8 13.6 9.8 16.8 21.2 11.8 
1.7 4.1 5.9 9.1 9.9 6.1 
1969 1973 
49.3 54.6 
50.0 71.5 
7.8 23.9 
28.1 50.0 
23.2 26.7 
58.7 41.9 
29.2 35.8 
1977 
44.7 
119.5 
40.4 
96.2 
33.9 
52.6 
47.6 
1980 
36.0 
105.1 
37.2 
48.5 
32.4 
28.6 
33.6 
1984 Mean 
58.8 41.2 
39.4 73.8 
49.3 26.7 
102.8 57.1 
59.9 27.1 
14.5 40.5 
34.2 32.0 
(a) Sector investemnt to sector output. 
Investment Allocation (Z) 
1963 1969 1973 1977 1980 1984 Mean 
Agriculture 20.7 17.7 12.0 6.1 8.4 12.9 13.3 
Manufacture 29.0 24.7 30.4 28.9 29.1 13.6 27.5 
Construction 3.3 2.3 7.5 10.4 13.7 21.0 9.1 
Transport 5.3 3.8 10.2 10.2 7.11 14.0 7.8 
Services 15.9 22.0 17.3 11.7 14.7 27.8 16.9 
Hydrocarbon 25.5 29.1 22.4 32.4 27.0 10.4 25.0 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Output allocation (r) 
1963 1969 1973 1977 
'1980 
1984 Mean 
Agriculture 17.8 12.8 9.5 8.0 9.7 9.5 11.4 
Manufacture 11.5 17.6 18.5 14.1 11.4 14.9 14.6 
Construction 4.6 11.7 14.0 15.1 -15.1 18.4 12.7 
Transport 3.4 6.0 6.2 5.7 5.7 5.9 5.3 
Services 47.7 33.9 28.2 19.3 20.9 20.1 29.5 
Hydrocarbon 14.7' 17.7 23.3 36.1 39.0 30.9 26.1 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Productivitv index bv sector (1974-100 
1963 1969 1973 1977 1980 1984 
Agriculture 198 87 93 110, 127 127 
Manufacture 101 99 105 92 117 152 
Construction 118 205 100 88 93 84 
Transport 117 73 90 83 103 103 
Services 100 109 110 114 127 122 
Hydrocarbon 48 46 36 72 101 93 
Aggregate 105 95 104 108 128 108 
CaDital-outDut ratio 
1963 
Agriculture 1.00 
Manufacturing 1.00 
Construction 1.00 
Transport 1.00 
Services 1.00 
Hydrocarbon 1.00 
1969 1973 1977 1980 1984, Heau 
4.19 5.88 7.11 6.44 9.42 5.31 
3.44 4.14 5.85 6.11 4.45 4.23 
0.51 0.80 1.27 1.61 2.64 1.27 
2.75 3.36 4.72 5.02 6.83 3.76 
1.68 2.27 2.71 2.72 3.96 2.33 
1.22 1.64 2.73 3.56 3.84 2.24 
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CaDital-labour ratio (1974-100 
1963 1969 1973 
Agriculture 33.5 61.6 92.2 
Manufacture 22.0 74.3 95.0 
Construction 137.0 122.0 93.3 
Transport 36.5 63.5 94.5 
Services 37.9 69.7 94.7 
Hydrocarbon 112.0 146.0 89.5 
Unit labour cost index-(1974-100) 
1963 1969 1973 
Agriculture 95.2 120.4 108.0 
Manufacture ý49.6 75.1 89.6 
Construction 94.6 93.2 106.6 
Transport 121.8 122.9 113.5 
Services 
ý, 
50.0 69.6 76.6 
Hydrocarbon 147.5 141.1 91.9 
Aggregate 50.8 59.8 83.8 
EmDlovment allocation 
1963 
Agriculture 43.8 
Manufacture. 7.3 
Construction 5.3 
Transport 3.8 
Services 39.1 
Hydrocarbon 0.3 
Total - 100.0 
Waize rates 
Aggregate (1974-100) 
GMHW (Dinars/Hour )(a) 
SMAH (Dinars/Day)(b) 
AHW(c) 
1969 1973 
49.3 40.0 
8.0 10.2 
4.3 9.0 
3.3 3.8 
34.4 36.1 
0.4 1.0 
100.0 100.0 
1977 1980 1984 G 
132.0 138.7 202.0 7.8 
118.0 156.5 147.0 7.2 
132.0 174.9 259.0 3.2 
123.0 161.7 220.0 8.2 
116.0 131.4 183.0 6.8 
88.3 79.1 69.5 -4.0 
1977 1980 1984 
88.8 121.8 111.4 
119.2 229.2 321.5 
106.4 127.3 119.4 
99.6 113.2 101.6 
104.6 112.2 115.0 
91.6 119.1 121.8 
150.6 275.9 382.9 
1977 
30.3 
13.0 
13.7 
5.2 
36.1 
1.4 
100.0 
1980 1984 Mean 
30.6 25.8 36.3 
11.6 11.1 10.2 
14.8 17.6 10.7 
4.1 4.4 4.1 
36.3 38.7 36.7 
1.9 2.2 2.0 
100.0 100.2 100.0 
1963 1969 1973 1977 1980 1984 
50.8 59.8 83.8 150.6 278.6 383.0 
1.3 1.3 1.7 3.1 4.2 5.7 
7.5 7.5 7.5 *20.0 28.0 46.1 
- 2.0 2.9 4.1 6.4 - 
(a) Guaranteed mimimum hourly wage in industry, (b) Guaranteed daily 
wage in agriculture, (c) Average hourly wage in industry 
Nominal effective tax rates 
1963 1969 
Aggregate 16.4 22.4 
Oil tax rate 13.5- 43.1 
Wage tax rate 4.3 3.8 
Non-wage tax rate 8.0 14.7 
Import tax rate 2.6 8.1 
Indirect taxe rate 4.6 5.0 
Structure of taxes 
Oil taxes 
Wage tax 
Non-wage direct 
Import taxes 
Indirect taxes 
Others 
Total 
Budget Dita 
ýoverment 
consumption 
PSBR to GDP 
Public Debt 
1973 1977 
28.7 38.4 
61.9 75.2 
4.2 7.0 
21.2 31.4 
7.0 6.6 
6.1 6.0 
1980 
35.6 
72.5 
4.5 
15.8 
6.0 
4.8 
1963 1969 1973 1977 1980 
11.8 27.8 41.3 57.6 64.9 
9.1 5.9 5.1 5.8 4.5 
tax 12.8 13.6 11.4 4.3 3.7 
5.2 10.1 7.7 7.7 5.1 
28.4 22.3 21.2 15.8 13.6 
32.7 20.3 13.3 8.7 8.2 
100.0 100.0 100.0 100.0 100.0 
1984 Mean 
34.7 29.3 
68.5 56.0 
5.0 4.9 
33.8 20.6 
7.6 6.8 
7.13 5.6 
1984 Mean 
48.2 40.9 
5.1 6.1 
11.3 9.4 
5.2 7.3 
20.5 20.6 
9.7 15.6 
100.0 100.0 
i963 1969 1973 1977 1980 1984 Mean 
to GDP 21.9 15.0 13.7 14.0 13.7 16.0 15.7 
4.0 10.1 20.1 33.2 15.6 11.3 14.9 
to GDP 1.0 4.0 6.5 9.1 9.8 14.9 6.9 
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Government expenditure structure (Z) 
1963 1969 1973 1977 1980 1984 Mean 
Current 62.4 45.7 34.7 24.4 31.5 39.0 41.7 
Investment 16.7 23.9 20.6 16.3 20.2 34.0 20.9 
Planned Investment 20.7 30.3 44.5 59.2 48.2 26.8 37.2 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Monetarv structure 
1963 1969 1973 1977 1980 1984 Mean 
Currency 56.8 30.5 31.2 34.6 48.4 35.5 38.9 
Demand deposits 39.2 50.2 44.8 38.6 44.9 56.6 46.1 
Time deposits 2.15 8.1 5.0 5.7 9.7 7.7 6.4 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1963 1969 1973 1977 1980 1984 Mean 
Monetary Base Index 25.6 40.2 87.9 206.9 436.0 658.1 - 
Money Multiplier 1.7 3.1 3.0 2.7 2.0 2.7 
Money Velocity 3.2 1.5 1.2 1.3 1.7 1.3 1.7 
Moneta rv base structure 
1964 1969 1973 1977 1980 1984 Mean 
Net foregin assets 23.1 36.4 41.8 33.8 32.8 11.0 29.8 
Claims on goverment 45.1 41.5 9.1 27.8 43.3 52.3 36.5 
Claims on banks 16.2 11.3 45'7 36.8 31.9 35.8 28.4 
Claims on business 15.6 10.8 3: 4 1.6 1.0 0.9 5.3 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Averaste total factor productivitv (1964-1984 
Sector Real outp ut Real capital Real labour TFP 
jzrowth input Rrowth inDut Rrowth 
Agriculture 0.8 3.2 1.8 -4.2 
Manufacture 9.1 2.7 5.9 0.4 
Construction 13.7 6.4 6.5 0.6 
Traqnsport 3.8 5.5 3.7 -5.5 
Services 6.2 2.6 3.8 -0.2 
Hydrocarbon 6.0 7.8 6.9 -8.7 
2.5 
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AiDpendix A. 2 
In this appendix, the various growth rates of Algerian 
macroeconomic variables are presented. These rates were calculated 
using a log linear trend model for the period 1963-1984. The 
estimated rates are given in column G. The growth rates 
corresponding to the following periods : 
--Ki 1963-1966 
K2 1967-1969 
K3 1970-1973 
K4 1974-1979 
K5 1980-1984 
were calculated using Boyce's (1986) five kinks trend model, which 
is an extension of the simple log-linear trend model. However it 
does account for the variability of the sample and gives growth rates 
f or the various sub-periods indicated above. All the data were 
computed in constant prices unless otherwise indicated. 
Monetary Growth(l) Ki K2 K3 K4 K5 G 
GDP 8.0 8.0 9.3 14.6 16.2 15.7 
PSBR. 33.1 30.3 31.6 26.9 16.7 20.2 
Broad money supply 17.9 18.8 18.0 '19.0 18.0 18.6 
Monetary base 14.2 12.4 13.8 17.9 17.7 17.8 
Money multiplier 3.6 6.3 4.2 1.1 0.2 0.7 
Money velocity -9.8 -10.7 - 8.7 4.4 -1.7 -2.8 
International reserves 4.7 12.4 8.2 14.5 11.1 17.8 
Claims on goverment 35.2 29.6 23.9 19.9 20.6 13.7 
Credit to economy 14.0 14.6 15.3 12.8 9.6 21.4 
(1) All variables are measured in current prices. 
Expenditure growth - 
Imports 
Capital goods 
Services 
Inputs 
Consumer goods 
Food 
Total imports 
Personal consumption 
Personal income 
Inventories 
GDP 
GDP, per capita 
Export of hydrocarbon 
Ki K2 K3 X4 IK5 G 
-3.6 4.4 8.1 12.2 6.4 10.2 
-27.8 -9.6 -3.9 7.9 6.7 12.6 
-7.7 -0.4 3.5 7.5 6.8 9.5 
2.2 -10.1 -9.2 0.7 4.7 0.3 
-10.3 -9.6 -3.4 5.1 5.1 6.7 
-6.9 -3.7 0.8 7.9 5.9 8.7 
0.0 -0.0 1.1 3.5 3.6 3.8 
0.0 1.4 2.6 3.8 . 3.8 4.2 
-18.5 -15.6 -7.3 3.8 3.9 6.3 
2.5 3.2 4.3 5.3 5.7 5.9 
-1.2 -0.5 0.8 2.0 2.6 2.7 
-4.1 2.2 6.2 18.5 17.7 2.4 
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K1 K2 IC3 K4 K5 G 
Export of food -4.8 8.3 5.3 4.7 8.0 -6.5 
Total export -8.6 -17.7 -9.7 -3.2 2.5 -0.6 
World output 4.9 4.8 4.7 3.8 3.0 3.41 
Capital stock Ki Y, 2 K3 X4 K5 G 
Agriculture 15.9 15.5 13.4 10.6 9.2 9.4 
Manufacture 26.1 24.1 21.9 18.5 12.9 14.8 
Construction 9.9 5.7 7.2 14.4 17.2 15.2 
Transport 14.4 12.9 13.7 15.6 13.3 14.3 
Services 13.2 12.4 12.9 11.6 11.5 11.5 
Hydrocarbon 13.7 12.7 12.8 13.2 10.7 11.7 
Total 15.5 14.4 14.1 13.6 11.6 12.3 
Employment growth Ki K2 K3 K4 K5 G 
Agriculture 2.8 4.7 3.0 1.1 1.6 1.5 
Manufacture 5.7 5.9 7.6 8.3 6.0 7.6 
Construction 8.9 5.1 10.1 12.6 11.1 12.1 
Transport 5.6 3.7 5.1 6.9 5.5 6.1 
Services 5.8 4.6 4.1 4.7 5.2 4.6 
Hydrocarbon 11.5 10.1 14.5 16.4 13.8 15.8 
Total 4.9 5.2 4.6 4.8 4.8 4.7 
Investment growth Ki K2 K3 K4 K5 G 
Agriculture 5.2 10.6 8.3 12.1 16.5 15.1 
Manufacture -2.9 4.6 11.9 18.4 10.5 17.8 
Construction 7.5 9.8 21.0 28.8 27.2 30.9 
Transport -1.6 5.9 15.8 20.6 19.1 23.6 
Services 4.8 11.4 14.4 16.7 20.6 20.7 
Hydrocarbon -2.2 6.8 11.6 19.1 8.9 17.1 
Planned investment KI K2 K3 K4 K5 G 
Agriculture 5.8 11.3 17.5 18.5 18.9 21.2 
Manufacture 13.6 16.0 18.4 24.1 18.9 22.6 
Construction 11.5 14.7 29.2 32.3 27.6 33.7 
Transport -2.8 6.0 12.3 24.4 24.2 27.7 
Services 7.5 12.3 23.8 23.5 16.6 23.5 
Hydrocarbon 19.3 19.5 18.2 27.4 16.9 22.1 
Growth of output K1 K2 K3 K4 K5 G 
GDP at factor cost 2.3 4.2 4.8 5.4 5.4 5.9 
Agriculture -7.5 -7.3 -4.0 -1.0 1.5 1.0 
Manufacturing 7.1 6.6 8.3 8.7 9.0 9.1 
Construction -15.0 0.3 3.1 6.1 7.2 10.6 
Transport -4.3 -5.5 1.8 6.6 5.9 7.6 
Services -1.8 2.4 3.9 4.6 6.0 6.5 
Hydrocarbon 9.2 9.2 7.3 5.8 3.7 4.4 
Price inflation K1 K2 K3 X4 K5 G 
Output deflators. 
Agriculture 7.9 8.1 6.3 10.0 12.5 10.9 
Manufacture 7.0 6.1 4.8 5.1 5.9 5.1 
Construction 21.9 14.3 12.0 12.9 12.1 10.4 
Transport 9.2 15.0 10.2 9.0 10.0 9.7 
Services 17.2 4.1 3.4 5.0 7.3 3.2 
Hydrocarbon -2.2 -1.6 3.5 5.1 7.3 15.8 
Expenditure deflators Ki K2 K3 K4 X5 G 
Consumer price 5.4 4.3 4.1 5.9 8.1 6.7 
Investment price 28.5 25.3 18.3 14.9 12.6 11.6 
Import price 5.2 5.5 6.0. 8.4 7.4 8.1 
Export price 13.0 23.2 16.7 20.2 14.3 18.2 
Inventory price 20.1- 19.8 13.5 10.9 12.2 10.2 
GDP price 5.5 4.9 5.0 9.3 10.5 9.8 
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Intermediate use prices K1 K2 X3 K4 X5 G 
Agriculture 12.9 8.7 7.9 7.9 10.3 8.0 
Manufacture 8.5 6.1 4.7 7.6 9.8 7.9 
Construction 10.6 9.0 7.2 7.2 8.0 6.9 
Transport 10.6 4.7 3.8 5.0 10.0 6.0 
Services 11.7 6.9 5.3 6.8 8.4 6.2 
Hydrocarbon 10.4 2.5 2.0 6.5 9.8 6.4 
Wages Ki K2 K3 X4 K5 G 
Nominal wage rate 5.5 4.4 6.0 9.8 12.2 11.1 
GMEW 6.5 4.0 5.1 9.0 8.5 8.5 
Other Prices Ki X2 X3 K4 K5 G 
Oil price -4.9 -3.2 1.1 17.3 18.0 19.1 
World price 4.7 4.3 4.8 6.4 7.2 6.8 
World consumption of oil 5.6 6.4 6.8 4.9 1.9 3.7 
World consumption of gas 5.5 6.4 6.5 4.3 3.2 4.0 
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Apeendix B 
Data sources and compilation methods 
-rB-11 
Data compilation methods 
The macroeconomic database used in this thesis contains 224 
variables on the -Algerian economy that cover most of the national 
accounting data irr nominal and real prices. This appendix 
concentrates only on a description of data sources and compilation 
methods. The problem of data reliability is not covered. 
,, The data cover the period from 1963 to 1984 on an annual basis. 
Output, investment, employment and wages are disaggregated into six 
sectors. This disaggregation created some data errors, because sector 
classification could not be postulated in a homogeneous framework 
across-all'variables. The second source of error in the data comes 
fromýthe compilation of price indices by the author for the period 
1963 to 1966, because little detailed information was available on 
prices-for this period, except for certain price indices of consumer 
goods - (though these had dif f erent base years) - Our main aim was to 
compile a consumer price index and a GDP price index for 1963-1966, 
based on the available. information, and to use this as the basis for 
computing other. price indices (this process is detailed below). The 
third source of error'stems from the lack of sectoral price deflators 
for imports, exports-and investment. These variables were all 
deflatedýby. the-aggregate price index of the corresponding variable. 
The. data reported in this appendix were collected f rom the 
Ministry of Planning and various other sources, listed below. It was 
necessary to engage ýn a process of compilation using ad hoc methods 
and rules of thumb to obtain the time series that covers the period 
1963-1984, in both current and constant prices. In this section we 
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describe this process in some detail and point out the likely 
problems that could arise. 
As a newly independent country consistent data collection only 
started in Algeria in 1967 with the beginning of the first national 
economic plan. The decision to include the period 1963 to 1966 in 
this thesis was adopted in order to gain extra degrees of freedom 
which are invaluable for econometric ýmodelling. However, this 
decision does carry the cost of reduced data reliability. 
The national accounting system is described in detail in [19,18] 
and compared with other accounting systems. The definition of GDP 
used in this database is that of the United Nations accounting 
system. - The-Ministry of Planning's different publications on data 
define the method of GDP accounting and how such accounts are 
compiled, ([3], [4], [5], [6]). - The process is based on the concept of 
using output and indirect taxes as estimates of GDP. Trade figures 
are calculated from custom statistics, and investment data are 
calculated using a constant flow method on capital (domestic and 
imported)., Government consumption is -- calculated from budget 
statistics. Private consumption is calculated as a residual between 
aggregate output at market prices and total expenditure. Although 
this method does produce estimates of consumption, these incorporate 
discrepancy errors. , It is considered that the estimate of output 
suffers from many deficiencies (5], especially those regarding the 
valuation of services and domestic trade (trade calculated as a 
residual between valuation at market prices and factor costs). 
Private sector statistics are biased downward because they are 
extracted from tax declarations. The use of-input-output tables with 
fixed coefficients to obtain equilibrium -and the derivation of 
sectoral value added is widespread, which represent a further source 
of error. 
328 
Price indices are available only for the period from 1967 to 1978 
using a base year of 1974, and from 1979 to 1984 using a base year of 
1979. The only price indices for the period 1963 to 1966 are the GDP 
price deflator listed in [14] in the form of inflation rates, and 
the consmuer price index in [15]. World Bank's tables [15] also 
provide data in constant prices on sectoral output. IMF statistics 
(13] provide an export price index of crude petroleum. These data, 
though sparse, were fully used in compiling data relating to price 
indices by employing the formula: 
Pt - (, -Cpt)Pt-i 
In this case, the current year price index Pt is obtained by 
multiplying the previous period price level with the available 
inflation rate (pt. This formula was also used to scale two price 
indices of the same variable having different base years and it 
enabled us to derive consistent price indices for the whole sample 
period (1963-1984) (this method requires the availability of either 
inflation rates or two series for the same variable with different 
base years). All price indices were scaled into a common base year, 
1974, 'using price indices from 1967 to 1978 (1974-100), and from 1979 
to 1984 -with 1982 as the base year. The GDP -price deflator for the 
period 1963-1966 was derived using the above formula and the 
inflation rates available in [15]. -The price indices for output at 
the sectoral level, for the period 1963-1966, -were obtained using 
formula (B. 1] and using inflation rates calculated from data in [15). 
Other price indices for the period 1963 to 1966 were derived using 
regression techniques. The imort price index vas regressed on the 
world, GDP price index [20], and converted into domestic value using 
current exchange rate [13]. The value of the price 'index for 
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1963-1966 was extrapolated from the estimated equation. The same 
method was used for the export price index, although the IFS price 
index of crude oil exports (13] was employed. The price index for 
investment and inventory investment for 1963-1966 were extrapolated 
from a regression equation using the GDP price deflator as the 
regressor. The method is not guaranteed to produce an accurate 
estimate but, given that during 1963-1966 inflation was low, the 
distortion is expected to be minimal. 
Some aggregates in this database were developed using rules of 
thumb regarding certain variables which were not available from the 
mass of data'collected. Disposable personal income, used as the main 
explanatory variable in the consumption function required an 
evaluation of all sources of household income and the various 
deductions. Personal disposable income was available in [81 from 
1963 to 1968, and from 1979 to 1984 in [9]. Personal income was also 
available for 1970,1974, and 1978 in [10]. To fill the gap we took 
the net operating surplus for the private sector from [5] as a proxy 
for property income and added wages, transfers from goverment, and 
workers' remittances abroad. These remittances were biased down in as 
much as they exclude private transfers operating through the 
unofficial foreign exchange market. The data for workers' remittances 
were taken from the IMF balance of payments statistics (23]. 
Government transfers were calculated using a constant growth rate 
based on available- sample points and applied to previous transfers 
using formula [B. 1]. For social security contributions we applied the 
contribution rates given by Grangaud (22) from the period 1968 to 
1978. 
Income tax also, presented a problem, since that derived from 
property- income -was *not separated according to whether it came from 
the private or public sector in the budget accounts in 11]. Hence, 
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we assumed that the personal income tax collected was proportionate 
to net operating surpluses and derived taxes paid by the private 
sector accordingly. 
The consumer price index was based upon a basket of 256 goods, 
calculated using a Laspeyres formula and weights taken from the 1967 
budget survey of household expenditure in the region of Algiers in 
1967; it was updated using information from the national consumption 
survey of 1980. Since this index was only available from 1969 
onwards, we were obliged to forecast it between 1963 and 1968 on the 
basis of formula [B. 1] and inflation rates derived from consumer 
prices in [1]. 
Monetary data were all taken from IFS (13]. The money supply 
relates to the 'broad' definition, i. e. the sum of currency in 
circulation, demand and time deposits. 
Trade data presented a problem- because different official 
statistical sources conflicted widely on their actual values between 
1963 and 1966. The figures reported were taken from [1] because the 
disaggregation of imports and exports corresponded to that adopted in 
the model. 'Data on the current account and detailed balance of 
payments are to be found in [23]. 
Investment data were the most difficult part of the database to- 
compile because the public investment expenditure published in the 
budget- statistics did not correspond to 'sectoral disaggregation. 
Furthermore, as the need was to compile a consistent data series, 
variations in classification across documents made the task even more 
difficult. There was also a great deal of confusion between different 
documents in distinguishing between planned targets and those 
realised. The degree of data revision was also considerable. Faced by 
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such a situation, the following strategy was adopted. First, public 
investment figures at the aggregate level were obtained for the 
period 1963 to 1966 from [8]. For subsequent periods, only the most 
current publications were consulted, so data revision problems are 
avoided. For 1967-1979, information from (10] was adopted and from 
[9] for 1980-1984. Aggregating investment into six sectors was also 
difficult because data did not correspond to the same classifications 
as output and employment. The following aggregation was adopted from 
the available data: 
l. Ajzriculture 
-Agriculture -Hydraulics -Forestry -Fishing 
2. Manufac uring 
-Industry -Economic infrastructure 
-3. 
Construction 
-Buildings and public works -Housing 
, 
4. Transport and telecommunication 
-Transport equipment -Communications 
, 
5. Services 
-Contractors 
-Education -Health -Social infrastructure 
-Tourism -Administration 
6. Hvdrocarbon 
-Hydrocarbons -Petrole= works 
The above classification was also adopted for planned public 
investment. The available data on sectoral investment refer only to 
public sectoral investment; total sectoral investment was assumed to 
be proportional to the public se'ctor and derived accordingly. For 
the period 1963-1966, the allocation Of sectoral investment was 
assumed to be the same as that for the First Plan (1967-1969) and 
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sectoral- investment for this period was derived from investment 
allocation shares of public investment. The algebraic notation is as 
follows: I- total investment; Ip- total public investment; and I pi . 
sectoral public investment. Total sectoral investmnet, Ii, is 
therefore: 
r ipi i 
1, IXI 
L lp i 
For the period 1963-1966 sectoral planned investment was obtained 
using the weights Ipi/Ip for 1967-1969. 
r ipi i 
Ipi - I-IxI 
LIj 
P63-66 
67-69 
Problems concerning the compilation of capital stock data are 
well-known and are especially accute in less developed countries. 
These problems stem from the lack of any benchmark estimates of 
capital stock for different types of assets and their depreciation 
rates. The solutions proposed were to estimate a benchmark value 
using the Harrod-Domar growth model (Rao, 1981), or to use the 
constant capital-output ratio method (Al-Dahwis 1977). Other methods 
attempt to estimate the depreciation rate and the benchmark value 
using a regression equation where these values are assumed parameters 
to be estimated from a supply schedule (Krishnamurty, 1964). On the 
other hand some other methods- attempted to retreive completely the 
capital stock data from an inverted production function that avoid 
using capital stock as a regressor (Dadkhh and Zahedi, 1986). 
However the simplest method is to assume a fixed capital-output ratio 
based on a rule of thumb and compute the benchmark value accordingly. 
All the above methods were used to calculate capital stock for six 
sectors. 
The strategy adopted was to experimentwith the different methods 
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and construct a capital stock series. In the first stage only gross 
capital was estimated using an inventory perpetual method and 
assuming ý-O: 
ýjt - (1 - oi)Kit-l + It [B. 2] 
where ýj is the sectoral depreciation rate. The depreciation rates 
were estimated by dividing depreciation by gross capital stock. The 
depreciation data was taken from [5] and [4] and aggregated into six 
sectors. The rates used correspond to average depreciation 
(1967-1982). All the methods were compared at the aggregate and 
sectoral levels. Unfortunately, all the methods are sensitive to the 
assumption. advocated. However, when these estimates were used in 
estimating a Cobb-Douglas production function, it was found that 
assuming a unitary capital-output ratio tend to maximise the 
likelihood function better on average. Therefore the capital stock 
series were derived using this assumption. 
The employment data is available only for numbers of employees and 
no data on hours worked are available. The data is available from 
1967 to 1977 in [3] and from -1979 to 1984 in [9]. Data on 
employmement in 1978 was, taken from (10]. The data was readily 
aggregated in-the six sectors used in this thesis. Employment data in 
agriculture are estimated by the Ministry of Agriculture on the basis 
of their records on employment in public sector farms and survey 
estimates on private agriculture. The estimates of employment in the 
services sector (private sector) is also only based on surveys. The 
data on employment is available only for 1967 1984. Therefore an 
extrapolation method was necessary to fill the gap (1963-1964). The 
data on employment in 1966 was taken from the population census of 
1966 [1). Data on active population was gathered from [3] for 1967 to 
1977, and [9] for 1979 to 1984. Data for 1966 and 1978 was taken 
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from [1]. The gap from 1963 to 1965 was filled by exptrapolating the 
following equation : 
Lst -a+P. Nt [B. 3] 
Where Lst is labour supply in year t, and Nt is the population aged 
between 15 and 64 years. The equation was estimated for the period 
1966-1984. The aggregate employment Et for 1963 to 1965 was estimated 
from extrpolating the following equation: 
Et - 'Y. + 8. Yt [B. 4] 
Yt is constant price GDP. Sectoral employment for 1963 to 1965 were 
calculated by assuming an employment allocation between sectors 
similar to that in the first Plan (1967-1969). 
Sectoral output data for 1963-1966 in current terms was taken from 
[8], for 1967 to 1978 from (5], and for 1979-1984 from [9]. The data 
was aggregated into six sectors as in the investment case. Data in 
real terms was deflated using price indices which were discussed 
above. The output gap indices, Q*it were computed from a simple 
log-linear trend modpl that proxies potential output. The index was 
computed as follows: - 
1r QT it I 
Q it I-1XI Do 
8L Qit J 
where qTit is trend output and s is the value of output gap in 1974 
used to scale the index into 1974-100. 
The wage data at the sectoral level was taken form [81 for 
1963-4966 and (5] 'for 1967-1978 and (4] for 1979-1984. The same 
aggregation level was applied as in output. The guaranteed minimum 
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hourly wage in the industrial and agricultural sectors were compiled 
from different issues in [1]. Average hourly wage rate was taken 
from [6] for the period 1969-1982. 
estimating: 
AHWt -a+P. GMHWt 
The, gap was filled by 
[B. 5] 
for the period 1969-1982. AHWt and GHMWt are the average hourly 
wage in industry and non-agri cultural guaranteed minimum hourly wage 
respectively. The rest of the sample period data was extrapolated 
using the above equation. The sectoral unit labour cost was simply 
calculated by dividing the wage by current output and scaling it to 
100 in 1974. This measure of employers costs is biased due to two 
factors. First, social security contribution by employers is not 
included because the lack of data. Second, the social charges incured 
by public corporations are considerable and contribute to the costs 
of labour, but they are not included in wage data. 
The price indices of intermediate inputs (Pm, i) were constructed 
by weighting the output price indices using input-output technical 
coefficients: 
Pjit - sijt. pjt [B. 6] i, j 6 
Sijt is the matrix of technical coefficients aggregated across six 
sectors. These coefficients were not constant through the sample 
period. We used four input-output tables corresponding to 1963 [26], 
1968 [8] , 1974 and 1979 [1]. This indices does not reflect properly e 
the price index of sectoral intermediate inputs because it does not 
take into account the subsidies applied to some sectors, and special 
arrangements. However they pick up all price f luctuations and 
distribute them amongst sectors according to intermediate demand from 
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other sectors. 
World data (output, price) are taken from OECD publications [20]. 
The notion of the 'world' comprises the group of OECD countries 
because they represent the main trading partners of Algeria. The 
price of oil represent the OPEC's price of oil (US Dollars a barrel) 
taken from [17]. This price is only a proxy for Algerian oil because 
of the differences in crude oil quality (gravity). 
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Appendix C 
Model listinRi 2SLS-PC 
1. Consumption function 
Ct - 24.169 + 0.386Ydt-1 + 0.381AYdt + 0.535Ct-1 
(0.629) (2-958) (2.163) (3.215) 
R2.0.98 a-26.2Z Fl[3.17]-396.87 DW-2.14 h--0.371 
2-Export of 4ydrocarbons 
Ln(Xh)t - 10.322 + 1.184Ln(Px/Pw*e)t + 0.508Ln(Qh)t 
(21.364) (8.666) (1.475) 
+ 4.843Ln(WCGO/WCE)t + 0.659Ln(Po*e)t 
(3.795) (7.688) 
-0.005Tt 
(0.212) 
R2.0.92 a-12.2Z Fl[5,15]-50.5 DW-1.46 T-21 p-0.282 
3. Export of agricultiiral goods 
Ln(Xf)t - 20.667 - 1.460Ln(Qwa*e)t + 1.620Ln(Qa)t 
(5.424) (3.415) (2.049) 
+ 0.745Ln(Pa/Pwa*e)t 0.715D74 - 0.847D79 
(2.989) (3.040) (3.654) 
0.156D71 
(0.702) 
R2.0.97 o-22.5Z Fl[6,14]-158.7 DW-1.73-T-21 p-O. 301 
4-Import of agricultural goods 
Ln(Mf)t - -4.717 + 0.679Ln(Pm/P y )t -'0.3112Ln(Qa)t-1 
(0.811) (2.216) (1.128) 
+ 0.436Ln(Po*e)t + 1.805Ln(Qma)t-2 0.138Tt 
(4.569) (2.104) (2.009) 
R2 , -0.94 a-12.9Z Fl[5,14]-61.8 DW-2.88 T-20 
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5. Import of inputs 
Ln(MI)t - 1.455 + 0.525Ln(pm/py)t_l + 0.514Ln(Qma)t 
(0.766) (1.778) (2.140) 
+ 0.135D, + 0.535Ln(MI)t_l 
(3.104) (2.676) 
R2.0.95 o-13.4Z Fl[4,16]-111.5 DW-1.75 h-0.56 p-0.101 
6-Import of capital goods 
Lm(MK)t - 6.995 + 1.916Ln(PM/P y )t + 0.369Ln(I)t 
(21.653) (4.342) (1.771) 
+ 0.121Tt - 
R2.0.95 a-16.4X Fl[3,17]-153.9 DW-1.21 T-21 p-0.394 
7. Import of consumer goods 
Ln(Mc)t 22.159 - 2.26Ln(Pm/Py)t-l + 5.014Ln(C*N)t 
(9.503) (4.428) (5.162) 
0.376Tt + 0.090Dc 
(5.553) (1.666) 
R2.0.78 a-22.4X Fl[4,16]-19.21 DW-1.89 T-19 
8. Agricultural'investment 
Ln(Ia)t m 0.494 + 0.0464Ln(Ka)t 0.070Ln(Qa)t-1 
(0.738) (0.407) (0.523) 
- 7.22lLn(IPa /Je a)t-1 + 2bajLn( Je a)t-j 
R2.0.99 a-3.2X Fl[7.10]-290.7 DW-1.26 T-18 lbaj'0-94 p-0.619 
9. Hanufacturing investment 
Ln(Ima)t w 0.208 + 0.043Ln(Kma)t 8.946Ln(jpma/je ma )t-l 
(0.651) (1.044) (41.595) 
+ 0.155Ln(O _j cma)t + 
2bmajLn(jema)t 
R2.0.99 0ý.,. BZ Fl[7,10]-1810.8 DW-2.00 T-18 Naj-0.97 p--0.004 
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1O. Construction sector investment 
Ln(ICO)t - 0.473 + 0.046Ln(Qco)t - 0.477Ln(Pco/P Y)t 
(0.802) (0.280) (0.841) 
+ 0.016D p-7.338Ln(jpcoljeco)t_l 
(1.009) (8.776) 
+ DcojLn(jeco)t_j 
R2.0.99 a-7.4Z Fl[8,9] 
. 
-613.1 DW-1.59 lbcoj-0.92 p-0.413 
11. Transport sector invstment 
Ln(IT)t ý 0.018 + 0.156Ln(Q*T)t - 6.518Ln(IPTI Je T)t-1 
(0.097) (1.615) (19.382) 
+ 2bTjLn(je T)t-j 
R2.0.99 cr-4.2Z Fl[6,11]-936.9 DW-1.87 T-18 JbTJý0*99 P--0-028 
12. Services sector investment 
Ln(I, )t 0.185 + O. O6lLn(Ks)t - 7.904Ln(IP, Ijes)t_l 
(0.302) (0.730) (16.657) 
+ 2bsjLn(Is)t_j 
R2.0.99 a-3.14Z Fl[7,10]-944.99 DW-1.97 lbsj-1.01 
13. Real inventory investment 
Ln(IS)t - 26.213 - 2.052Ln(M)t_l 1.820Ln(PIS/Py)t 
, (4.695) (3.513) (3.227) 
+ 2.33lLn(Y)t + 1.605DA 1.405D76 
(2.820) (5.343) (4.396) 
R2.0.87 o-25.5X Fl[5,15]-29.372 DW-2.36 T-21 
14. Agricultural output 
Ln(Qa/Ea)t 5.275 + 0.275Ln(Ka/Ea)t 
(13.803) (6.953) 
R2.0.73 o-6.91 FI[1,16]-48.35 DW-2-25 T-18 X21.0.15 
15-Manufacturing output 
Ln(Qma/Ema)t - 8.218 - 0.874Ln(Kma/Ema)t 
(242.84) -(8.094) 
R2.0.79 o-13.3Z Fl[1,16]-65.51 DW-0.76 T-18 X21-6.54 p-0.630 
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16. Construction output 
Ln(QCO/Eco)t - 8.690 - 0.48lLn(KCO/Eco)t 
(144.79) (2.635) 
R2-0.25 o-25.4Z Fl[1,16]-6.94 DW-0.3 T-18 X2, -187.55 P-0.973 
17. Transport output 
Ln(QT/ET)t - 7.629 + 0.357Ln(KT/ET)t 
(344.66) (6.960) 
R2.0.73 o--8.9Z Fl[1,16]-48.44 T-18 DW-0.62 X21-4.67 p-0-375 
18. Services output 
Ln(QS/Es)t T- 7.185 +-0.195Ln(K. /E, )t 
(15.769) (4.299) 
R2.0.50 o-6.3Z Fl[1,16]-18.48 T-18 DW-0.60 X21.0.159 p-0.667 
19. Hydorcarbon real output 
Ln(Qh)t ' 9.860 + 0.392Ln(Kh)t - 0.038D79 - 0.087D74 
(135.94) (3.163) (0.443) (0.740) 
R2.0.77 a-9.9Z Fl[3,14]-20.9 DW-2.31 T-18 
20. Agricultural employment 
Ln(Ea)t 3.621 + 0.167Ln(Qa)t + 0.28OLn(Ka)t-3 
5.344) (0.963) (3.515) 
00230Ln(W* p )t - 0.167D71 + 0.176D79 
(4.583) (3.880) (3.728) 
+ 0.0896Ln(Ea)t-1 
(0.688) 
R2.0.81 o-3.691 Fl[6,12]-14.20 DW-2.55 h--0.72 
21.1ndustrial employment 
Ln(EI)t - 2.5984 Oe43OLn(Kj)'t 0.126Ln(WI)t 
(3.029) (3.097) (3.475)' 
+ 0.599Ln(EI)t-l' 
(3.839) 
R2=0.99 o-3.85Z Fl[3,17]-1248.5 DW-1-95 h-0.10 T-21 
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22. Construction employment 
Ln(ECO)t 6.057 + 0.233Ln(Qco)t-3 + 0.622Ln(KcO)t 
(4.398) (2.710) (3.179) 
0.39OLn(Kco)t-3 + 0.049Tt 
(3.437) (1.810) 
R2.0.98 a-8.52 Fl[4,14]-350.5 DW-1.46 T-19 p-0.454 
23. Transport employment 
Ln(ET)t - 2.760 + 0.084Ln(QT)t + 0.326Ln(KT)t-3 
(2.577) (0.690) (2.294) 
+ 0.324Ln(KT)t - 0.380Ln(WT)t 
(2.071) (4.661) 
R2.0.98 a-3.8Z Fl[4,14]-437.99 DW-1.67 T-19 p-0.128 
24. Services employment 
Ln(E, )t - 0.106 + 0.149Ln(K, )t-2 - 0.114Ln(Qs)t 
(0.314) (3.681) (2.753) 
+ 0.049D79 + 0.772Ln(E, )t-l 
(2.898) (9.069) 
RZý0.99 a-1.52 Fl[4,15]-1631.8 DW-1.79 p--0.037 
25. Wage taxes 
Ln(T, )t - 6.546 + 1.019Ln(Yw)t - 0.715ALn(Po*e)t-2 
(46.724) (7.608) (2.861) 
+ 2.709ALn(Py)t-2 + 0.358D74 - 0.327D79 
(3.057) (1.981) (1.832) 
R2.0.97 a-17.2Z Fl[5,14]-152.8 DW-1.99 T-20 
26-Company taxes 
Ln(Tc)t - -4.168 + 1.326Ln(NOS)t + 0.503Ln(TC/NOS)t_l 
(2.362) (7.540) (2.401) 
-0.114ALn(Po*e)t + 0.004ALU(Py)t - 0.734D74 
(0.466) (0.048) (1.997) 
R2.0.90 a-32. OZ Fl[5915]-37.0 DW-2.34 T-21 
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27. Import taxes 
Ln(Tm)t - 7.035 + 1.058Ln(H*Pm)t - 0.018D74 - 0.141D79 
(59.275) (10.481) (0.098) (1.095) 
R2-0.96 a-14.2Z Fl[3,17]-169.5 DW-1.34 p-0.32 
(1.43) 
28. Indirect taxes 
Ln(TI)t - 8.080 + 1.154Ln(Y*P y )t - 0.005D74 - 0.268D79 
(126.84) (19.085) (0.055) (3.288) 
R2.0.96 o--7.1Z Fl[3,17]-544.8 DW-1.68 p-0.485 
(2.079) 
29. Oil taxes 
Ln(Th)t - 3.982 + 0.406Ln(Qh*Ph)t + 0.276Ln(Th/Qh*Ph)t-1 
(2.934) (2.432) (1.797) 
+ 0.591ALn(Po*e)t + 0.56SLn(Th)t-1 
(4.825) (3.792) 
R2.0.99 a-14.8Z Fl[4,16]-686.5 DW-2.22 h--0.65 T-21 
30. Agricultural sector price deflator 
Ln(Pa)t 0.763 + 1.027Ln(PIa)t-3 - 0.50OLn(Pc)t 
(2.631) (66.204) (1.234) 
0.263Ln(Q*a)t + 0.34079 
(0.460) (1.900) 
R2-0.96 a-li. lZ Fl[4,14]-143.4 DW-1.14 T-19 p-0.496 
31. Hanufacturing sector price deflator 
Ln(Pma)t - 1.714 + 0.146Ln(Pm)t + 0.28lLn(Pjma)t-2 
(2.666) (2.310) (3.312) 
+ 0.365Ln(Pma)t-l 
(1.780) - 
R2.0.98 a-3.32 Fl[3,16]-546.6 DW-1.84 h--0.43 
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32. Construction sector price deflator 
Ln(Pco)t 1.671 + 0.749Ln(Pm)t + 0.62OLn(PICO)t 
(2.029) (5.108) (3.529) 
0.498Ln(Q*co)t 
(7.236) 
R2.0.98 o-6.91 Fl[3,17]-594.4 DW-2.25 T-22 
33. Transport sector price deflator 
Ln(PT)t 1. lOlLn(Pm)t + 0.824Ln(ULCT)t-1 
(6.026) (6.948) 
0.693Ln)Q*T)t + 0.170Ln(PT)t-1 
(5.005) (1.303) 
R2 , -0.97 o-8.9Z FI[3,17]-299.9 DW-2.34 hm-0.76 T-21 
34. Services sector price deflator 
Ln(P, )t - 0.476 + 0.463Ln(PIS)t 0.828Ln(Q*S) 
(0.910) (3.422) (1.755) 
+ 0.454Ln(P, )t-l 
(2.667) 
R2 , mO. 80 a-14.95Z Fl[3,17]-29.0 DW-1.31 hml. 80 p-0-834 
35. Hydrocarbons output price deflator 
Ln(Ph)t - 1.426 + 0.825Ln(Po*e)t - 0.220Ln(Qh)t 
(31.891) (51.196) (1.620) 
+'0.028D79 
(0.613) 
R2.0.99 o-5-81 Fl[3; 17]m2343.1 DW-1.97 Tm2l 
36. Consumer price index 
Ln(Pc)t - 2.602 - 0.147Ln(Pa)t + 0.606Ln(Pma)t 
(4.729) (0.965) (2.758) 
+ 0.255Ln(W*)t-3 + 0.207Ln(Pm)t-4 
(4.072) (3.541) 
R2.0.99 o-2. OX Fl[5, l2]m8607.0 DW-2.33 T-18 
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37.1nvestment price deflator 
Ln(Pv)t - -0.658 + 0.824Ln(Pma)t-2 -O. O9lLn(Pco)t 
(0.605) (4.352) (0.299) 
+ 0.176Ln(Pco)t-3 + 0.465Ln(Pm)t 
(2.739) (1.852) 
+ 0.4llLn(Pm)t-l - 0.25lLn(Pm)t-3 
(2.562) (1.118) 
- 0.122Ln(Q*co)t 
(0.797) 
R2.0.99 a-2.9X Fl[7.1l]-952.89 DW-1.9 T-19 p-0-011 
38. Inventory investment price deflator 
Ln(PIS)t 2.790 + 1.249Ln(Pma)t-l 0.083Ln(Q*a)t 
(3.374) (3.902) (0.467) 
+ 0.38OLn(PSI)t_l 
(2.579) 
R2.0.97 o--9.2Z Fl[3,17]-303.54 DW-1.96 h-0.089 T-21 
39. Demand for real currency 
Aln(Cd)t -0.319 + 0.195ALn(Y)t 0.447Aln(P)t 
(1.102) (1.938) (1.877) 
0.260Ln(Cdly)t-1 + 0.103D71 - 0.190DC 
(1.495) (1.800) (4.616) 
R2.0.66 o-6.5Z Fl[5,15]-8.90 DW-2.19 
40. Demand for real deposits 
ALn(Dd)t -0.098 + 0.854ALn(Y)t-3 - 0.596ALn(P)t 
(0.372) (2.349) (1.125) 
-0.217Ln(Dd/y)t-2 - 0.251Dd 
(1.304) (4.404) 
R2.0.73 o- Fl[4,13]-13.00 DW-2-21 T-18 
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41. Demand for real time deposits 
ALn(Td)t ' -0.345 + 1.944ALn(Y)t - 2.028ALn(P)t 
(1.026) (2.581) (2.977) 
- 0.170Ln(Td/y)t-2 
(1.875) 
R2.0.71 a- Fl[3,14]-14.97 DW-1.80 T-18 p-0.0133 
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Apn-endix D 
Varialbles List 
Endogenous variables 
Ct Real per capita consumption 
Ydt Real per capita personal disposable income 
Iit Real ex posr investment of sector i 
Kit Real net capital stock of sector i 
Qit Real output of sector i 
Qt Real total output at factor cost 
Pit Output price deflator of sector 1,1974-100 
Pýt Expenditure price deflator of item J, 1974-100 
It Constant price inventory investment 
Ht Real total imports of goods and non factor services 
Yt Real gross domestic product 
Xt Real total exports of goods and non factor services 
Mft Real imports of food and agricultural products 
MIt Real imports of inputs 
MKt Real imports of capital goods 
MCt Real imports of consumer goods 
Xht Real exports of hydrocarbons 
Xft Real exports of food and agricultural products 
Eit Employment level in sector i 
Et Total employment 
Wt' ý., Nominal aggregate wage rate 
Unt Unemployment rate, percentage of labour force 
Twt Nominal wage taxes 
Tct Nominal company taxes 
TIt Nominal indirect taxes 
Tmt, Nominal import taxes 
Tht Nominal oil Taxes 
Cdt Real demand for currency 
Ddt Real demand for demand deposits 
Tdt Real demand for time deposits 
it Real total investment 
BOPt Real current account 
Exogenous variables 
Jeit Real planned public investment of sector i 
Ipit Real ex post public investment of sector i 
Q*it Output gap index of setor 1,1974-100 
Pot Price of oil, US $/barrel 
et Nomial'exchange rate, Dinars per US $ 
Dpt Dummy variable 
'Djaj Dummy variable 
Dc Dummy variable 
Dd Dummy variable 
Dmc Dummy variable 
D72 Dummy variable, 
D71 Dummy variable 
D74 Dummy variable 
D76 Dummy variable 
D79 Dummy variable 
Pwt World price level, 1980-100 
WCGOt World consumption of gas and oil, million tons of oil 
equivalent (TOE) 
WCEt World consumption of energy, million TOE 
Tt Time trend 1963 - 1.0 
Qwat Real wolrd output of agricultural products 
ýVat price index of world output of agricultural products 
Wt Non-agricultural guaranteed minimum hourly wage 
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W* Pt Agricultural guaranteed mimimiim daily wage WIt Industrial nominal wage rate 
WTt Transport nominal wage rate 
NOSt Companies nominal net trading surplus 
Pjit Index price of intermediate inputs of sector 
ULCit Nominal unit libour cost in sector i 
Pwt Price index of world GDP, 1980-100 
Wcot Wolrd consumption of oil, million TOE 
Ypt Nominal non-wage incomes 
Trsht Transfers to households from gover=ent and 
Soct Social security contributions 
Nt Population 
Xot Real export of services and other goods 
Hst Real services imports 
CAPt Captial flows 
1,1974-100 
abroad 
C 9t Real government expenditure on goods and services 
Lf4t Male labour force 
Lft Female labour force 
NFACB Nominal net foreign assets of the Central Bank 
NCGCB Nominal net Central Bank claims on central government 
CPS Nominal credit to the private sector 
CMB Nominal credit to money deposit banks 
01 Other items 
Structure of dur=v variables 
D71 D72 D74 D76 D79 Dp DM, Dmc Dd Dc 
1963 0 0 0 0 0 0 1 1 1 1 
1964 0 0 0 0 0 0 -1 1 -1 1 
1965 0 0 0 0 0 0 1 -1 1 1 
1966 0 0 0 0 0 0 -1 1 -1 -1 
1967 0 0 0 0 0 1 1 -1 1 1 
1968 0 0 0 0 0 2 1 1 1 1 
1969 0 0, 0 0 '0 3 1 1 1 1 
1970 0 0 0 0 0 1 1 -1 1 1 
1971 1 0 0 0 2 -1 -1 -1 1 
1972 1 1 0 0 0 3 1 1 1 1 
1973 1 0 0 0 0 4 1 1 1 1 
1974 1 0 1 0 0 1 1 1 1 -1 
1975 1 0 1 0 0 2 1 1 1 1 
1976 1 0 1 -1 0 3 -1 -1 -1 1 
1977 1 0 1 0 0 4 1 1 1 1 
1978 1 0 1 0 0 0 1 1 1 1 
1979 1 0 1 0 1 0 1 -1 1 1 
1980 1 0 1 0 1 1 1 1 1 1 
1981 1 0 1 0 1 2 1 1 1 -1 
1982 1 0 1 0 1 3 1 1 1 -1 
1983 1 0 1 0 1 4 1 1 1 1 
1984 1 0 1 0 1 5 1 -1 1 1 
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Appendix E 
Model Ordering and Structure 
The model was ordered into sparate nine blocks (B), each block 
contain recursive (R) and simultaneous (S) equations. The model is 
block recursive. The blocks are presented in the same order in which 
the model was solved in Chapter Six. 
Bli 7R + 2S B2: OR + 2S B3t 1R + 2S B4: 2R + 2S B5t OR + 2S 
Ea Ka Kma KT Ks Qa QT Qs 
IT Ia Ima is Qma ET Es 
PT 
Pds 
PM 
ct 
Wt 
M 4R + 2S B7t 7R + 4S B8t 13R + 3S B9t 1OR + OS 
Ih PC Pi Qco Qh Ist Th 
Pma Pa MF ECO EI PY Tc 
PCO MC ICO Xh Yt Cdt 
Ph Mi KC0 Xt 
XF Qt TM 
Kh it Dd 
KI Et Td 
un PSBRt 
Mk BOPt 
TV BMOt 
Tj 
Mt 
ywt 
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Appendix F 
Simulation Statistics and Graphs 
Variable RMSPE(a) U(j)(b) 
Static amic Control Forecast 
Consumption 2.9 9.5 0.092 0.031 
Personal income 6.7 10.9 0.100 0.074 
Investment 11.0 12.7 0.009 0.137 
Agriculture 2.2 2.5 0.002 0.004 
Manufacturing 2.3 2.6 0.003 0.015 
Construction 22.0 38.1 0.038 0.046 
Transport 8.8 8.8 0.009 0.006 
Services 1.9 2.5 0.002 0.018 
Hydrocarbon 9.1 9.1 0.010 0.364 
Inventory 29.6 36.8 0.057 0.150 
-imports 
9.0 19.6 0.019 0.059 
Food 6.9 16.0 0.060 0.023 
Inputs 25.2 35.7 0.038 0.023 
Capital 17.0 19.0 0.020 0.151 
Consumer 17.6 40.7 0.057 0.092 
ExDort 12.9 13.2 0.012 0.090 
Food 31.4 31.2 0.032 0.106 
Hydrocarbon 15.3 15.7 0.016 0.096 
BOP (5.6) (6.8) 1.13 7.193 
OutDut 12.2 8.9 0.011 0.008 
Agriculture 6.4 6.2 0.007 0.079 
Manufacturing 35.1 34.3 0.034 0.025 
Construction 23.1 38.6 0.043 0.027 
Transport 7.5 7.0 0.011 0.011 
Services 5.7 5.5 0.006 0.005 
Hydrocarbon 9.3 9.5 0.011 0.094 
EmDlovment 4.8 7.0 0.007 0.008 
Agriculture 2.0 2.5 0.003 0.004 
Industrial 4.9 9.4 0.013 0.729 
Construction 35.6 48.3 0.087 0.050 
Transport 3.5 3.8 0.007 0.006 
Services 0.9 1.2 0.001 0.005 
Wage rate 6.8 12.6 0.044 0.076 
UnemDovment rate 12.3 20.9 0.066 0.061 
Budeet 11.0 10.0 0.123 2.214 
Taxes 
Wage 128.3 91.9 0.056 0.071 
Company 10.5 13.3 0.040 0.085 
Indirect 10.5 13.3 0.011 0.095 
Import 17.9 30.0 0.038 0.153 
Oil 19.6 13.6 0.013 0.056 
Prices 
Putput deflators 8.6 9.3 0.013 0.013 
Agriculture 7.2 7.2 0.013 0.051 
Manufacturing 3.7 3.9 0.007 0.025 
Construction 8.2 8.2 0.014 0.059 
Transport 7.8 7.8 0.017 0.086 
Services 10.0 12.2 0.029 0.010 
Hydrocarbon 5.7 5.7 0.011 0.007 
ExDenditure deflators 8.6 9.3 0.013 0.013 
Consumer 1.9 2.6 0.004 0.023 
Inventory 6.1 7.2 0.015 0.028 
Investment 3.0 5.7 0.008 0.043 
Imports 7.6 7.6 0.014 0.078 
Exports 294.4 133.0 0.015 0.023 
BMO 10.7 7.1 0.004 2.764 
Currency 10.4 8.9 0.007 0.032 
Demand deposits 12.4 9.7 0.009 0.087 
Time deposits 23.1 49.2 0.049 0.303 
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(a) Historical simulation 1967-1984 
(b) Control simulation: historical 1967-1984, 
Forecast ex post 1980-1984. 
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